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(57)Abstract: 

PROBLEM TO BE SOLVED: To avoid for the necessity to relate 
origins of two interferometer systems by controlling position of a 
second substrate table in a first direction in accordance with a height 
map and a measured position, during exposure of a target portion of a 
substrate. 

SOLUTION: A projection beam PB of radiation is supplied from a 
radiation system A to a mask MA, which is held with a first substrate 
table MT. An irradiated portion of a mask of a second substrate table 
WT is imaged on a target portion C of a substrate W by using a 
projection system PL. Position of the second substrate table WT in a 
first direction is controlled in accordance with a position measured 
with a height map and a position measuring means IF, during 
exposure of the target portion C of the substrate W. As a result, 
necessity to relate origins of two interferometer systems can be 

* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1]a radiation system (LA.) for being a lithography projection apparatus and supplying a projection 
beam (PB) of radiation The 1st object table (MT) provided with a mask holder for holding Ex, IN, and CO; 
mask (MA);. Have a substrate holder for holding a substrate (W). The 2nd movable object table (WT); 
projection system [ for carrying out image formation of the irradiated part of this mask on a target portion 
(C) of this substrate ] (PL);, and the above-mentioned 2nd object table, In a projection device containing 
positioning system; for the above-mentioned projection system to move the above-mentioned mask parts 
on the above-mentioned substrate between an exposure station and a measuring station which are made to 
image formation, the 2nd object table of; above has the physical reference surface fixed to it, and further a 
projection device, Two or more points on the surface of a substrate (W) which was located in the 
above-mentioned measuring station and held on the above-mentioned substrate holder, A height map 
preparing means about the above-mentioned physical reference surface constituted and allocated so that 
height might be measured and the height map might be made; after being located in the above-mentioned 
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exposure station and moving the above-mentioned 2nd object table to the above-mentioned exposure 
station, During exposure of position measuring means [ for measuring a position in the 1st vertical direction 
substantially to the above-mentioned substrate face of the above-mentioned physical reference surface ];, 
and the above-mentioned target portion, Equipment having control means; constituted and allocated so that 
a position of the above-mentioned 2nd object table in the 1st direction of the above might be controlled at 
least according to the above-mentioned position measured by the above-mentioned height map and the 
above-mentioned position measuring means. 

[Claim 2]Equipment formed in equipment by Claim 1 so that the above-mentioned control means may 
control inclination around one axis of the above-mentioned 2nd object table vertical to the 1 st direction of 
the above at least further according to the above-mentioned height map. 

[Claim 3]Equipment containing a level sensor constituted and allocated in equipment by Claim 1 or Claim 2 
so that the above-mentioned height map preparing means might measure a position in the 1 st direction of 
the above of a linearity array of a point. 

[Claim 4]Equipment containing a level sensor (10) constituted and allocated so that the above-mentioned 
height map preparing means might measure a position of a measurement beam reflected by the surface 
which should measure a position in the 1st direction of the above in equipment by Claim 1, Claim 2, or Claim 
3. 

[Claim 5]The above-mentioned level sensor (10) in equipment by Claim 4 an image of the projection lattice 
(113); above-mentioned projection lattice, A projection optical system (114) for projecting on the surface 
which should measure a position in the 1st direction of the above; A detection lattice (126), Equipment 
containing a detector (128) for detecting a moire figure which was able to do light reflected by the 
above-mentioned surface in order to make an image of the above-mentioned projection lattice on the 
above-mentioned detection lattice when detecting optical system [ for converging ] (121); and the 
above-mentioned image of the above-mentioned projection lattice lapped with the above-mentioned 
detection lattice. 

[Claim 6]Equipment with which the above-mentioned projection optical system and the above-mentioned 
detecting optical system comprise a reflexibility optical element intrinsically including a radiation source 
(111) constituted and allocated in equipment by Claim 5 so that the above-mentioned level sensor might 
illuminate the above-mentioned projection lattice with multicolor radiation further. 

[Claim 7]In Claim 1 thru/or any of Claim 6 or equipment by one, the above-mentioned height map preparing 
means, Equipment including a position detecting means (IF) for detecting a position in the 1st direction of 
the above of the above-mentioned 2nd object table simultaneously with measurement by level sensor (10) 
for detecting a position in the 1st direction of the above of the surface of the above-mentioned substrate in 
respect of [ describing above ] plurality, and the above-mentioned level sensor. 

[Claim 8]Equipment with which the above-mentioned position detecting means contains an interferometer 
in equipment by Claim 7. 

[Claim 9]Equipment with which the above-mentioned position measuring means contains an image sensor 
attached to the above-mentioned 2nd object table in Claim 1 thru/or any of Claim 8 or equipment by one, 
and the above-mentioned physical reference surface contains the upper surface of the above-mentioned 
image sensor. 
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[Claim 10]Equipment constituted and allocated in Claim 1 thru/or any of Claim 9 or equipment by one so 
that the above-mentioned position measuring means might measure a position about a focal plane of the 
above-mentioned projection system of the above-mentioned physical reference surface. 
[Claim 11]In Claim 1 thru/or any of Claim 10 or equipment by one, the above-mentioned 2nd object table 
has two or more estranged physical reference surfaces, Equipment constituted and allocated so that the 
above-mentioned height map preparing means might measure height about a reference plane formed of two 
or more above-mentioned physical reference surfaces of two or more points describing above. 
[Claim 12]Are Claim 1 thru/or any of Claim 11 or equipment by one, and also it is located in 
the :above-mentioned exposure station, . Are related with the above-mentioned physical reference surface 
of two or more points on the surface of a substrate held on the above-mentioned substrate holder 
describing above. In order to draw relative proofreading for a separate position detecting system formed in 
2nd height map preparing means;, the above-mentioned measurement, and an exposure station which were 
constituted and allocated so that height may be measured and the height map may be made, Equipment 
containing calibration means; constituted and allocated so that a height map of a single board prepared by 
each of the above-mentioned 1 st and 2nd height map preparing means might be compared. 
[Claim 13]a radiation system (LA.) for being the method of manufacturing a device using a lithography 
projection apparatus which has the following composition, and supplying a projection beam (PB) of iradiation 
The 1st object table (MT) provided with a mask holder for holding Ex, IN, and CO; mask (MA);. Have a 
substrate holder for holding a substrate (W). A projection system (PL) for carrying out image formation of 
the irradiated part of 2nd movable object table (WT); and this mask on a target portion (C) of this substrate, 
On the above-mentioned 1st object table, a pattern. A process of providing a mask (MA) to support; in an 
included method, process; which carries out image formation of process; which forms a substrate (W) which 
has a radiation induction layer in the above-mentioned 2nd object table, and the above-mentioned irradiated 
part of this mask on the above-mentioned target portion of this substrate in front of the :above-mentioned 
image formation process, On this 2nd object table in a measuring station, two or more points on this 
substrate face, A process of making a height map about a physical reference surface on the 
above-mentioned 2nd object table in which height is shown; This 2nd object table is moved to the 
above-mentioned exposure station, In process; which measures a position in the 1st vertical direction 
substantially to the above-mentioned substrate face of the above-mentioned physical reference surface, 
and the above-mentioned image formation process, this 2nd object table, How having process; positioned in 
the 1st direction of the above at least with reference to the above-mentioned position measured in the 1st 
direction of the above of the above-mentioned height map and the above-mentioned physical reference 
surface. 

[Claim 14]How to orient the above-mentioned 2nd object table with the surroundings of one axis vertical to 
the 1 st direction of the above at least in a method by Claim 1 3 by referring to the above-mentioned height 
map in the above-mentioned image formation process. 

[Claim 15]So that a square of a focal gap which covered a field of the above-mentioned target portion and 
integrated with the above-mentioned 2nd object table in the above-mentioned image formation process in a 
method by Claim 13 or Claim 14 may be made into the minimum, How to be distance [ in / it arranges and / 
in this focal gap / the 1st direction of / between a focal plane of the above-mentioned projection lens, and 



the surface of the above-mentioned substrate ]. 

[Claim 16]In a method by Claim 13 or Claim 14, the above-mentioned image formation process includes a 
process of carrying out scanning image formation of the slit image on the above-mentioned substrate, And 
a way arrange so that a square of a focal gap which covered a field of the above-mentioned target portion 
and integrated with the above-mentioned 2nd object table in the above-mentioned image formation process 
may be made into the minimum, and this focal gap means distance in the 1st direction of the above of 
[ between a focal plane of the above-mentioned projection lens, and the surface of the above-mentioned 
substrate ]. 

[Claim 17]A process of measuring a position in each 1st direction of the above of two or more points on the 
method:above-mentioned substrate face where a process of making the above-mentioned height map 
includes the following sub processes in a method of depending either [ even ] Claim 13 thru/or Claim 16 
describing above; simultaneously with each measurement of a position of a point on the above-mentioned 
substrate face. A process of lengthening each of a measuring point of process; and the above-mentioned 
2nd object table which measures a position in the 1 st direction of the above of the above-mentioned 2nd 
object table from a measuring point to which the above-mentioned substrate face for making the 
above-mentioned height map corresponds. 

[Claim 18]A way a process of making the above-mentioned height map includes simultaneously an initial 
process of measuring a position in the 1st direction of the above of the above-mentioned physical reference 
surface, and a position in the 1st direction of the above of the above-mentioned 2nd object table, in a 
method by Claim 17. 

[Claim 1 9]Are Claim 1 3 thru/or any of Claim 1 8 or a method by one, and further, Before a process of making 
the above-mentioned height map : A process of measuring height of two or more points on the 
above-mentioned wafer surface which approaches around a field on the above-mentioned substrate which 
should be exposed, And a method including a process of deciding local height or a tilt value of a field with the 
above-mentioned substrate face which should use height for [ whole J the above-mentioned substrate and 
an inclination, and/or its height as a map from measured height. 

[Claim 20]Are Claim 13 thru/or any of Claim 19 or a method by one, and further, A level sensor (10) which 
should be used before a process of making the above-mentioned height map when making the 
above-mentioned height map, A method including a process proofread by arranging this 2nd object table to 
a different vertical position to that from which two or more above-mentioned measurement differs, and 
performing measurement of plurality of a vertical position of at least one prescribed point on the 
above-mentioned substrate face using the above-mentioned level sensor. 

[Claim 21]How to apply when making a height map of an exposed region corresponding to that to which the 
above-mentioned proofreading process was performed to a different exposed region of plurality on the 
above-mentioned substrate in a method by Claim 20, and form performed this proofreading for proofreading 
correction value acquired to each. 

[Claim 22]A device manufactured by Claim 13 thru/or any one method of Claim 21. 

[Claim 23]a radiation system (LA.) for being the method of proofreading a lithography projection apparatus 
which has the following composition, and supplying a projection beam (PB) of radiation The 1st object table 
(MT) provided with a mask holder for holding Ex, IN, and CO; mask (MA);. Have a substrate holder for holding 
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a substrate (W). The 2nd, A movable object table. (WT) A projection system (PL) for carrying out image 
formation of the irradiated part of measuring station; which has the 1st position detecting system (20a) for 
measuring a position in this station of; and the above-mentioned 2nd object table, and this mask on a target 
portion (C) of this substrate. And an exposure station which has the 2nd position detecting system (20b) for 
measuring a position in this station of the above-mentioned 2nd object table; in the process; 
above-mentioned measuring station which forms a substrate (W) in the above-mentioned 2nd object table. 
A process of making the 1st height map of the above-mentioned substrate a position in the 1st vertical 
direction, and by measuring a position of the above-mentioned 2nd object table using the 1st position 
detecting system of the above simultaneously substantially [ surface / of two or more points on the 
above-mentioned substrate face / of the above-mentioned substrate ]; at the above-mentioned exposure 
station. A position in the 1st direction of the above of two or more points on the above-mentioned 
substrate face describing above, and by measuring a position of the above-mentioned 2nd object table using 
the 2nd position detecting system of the above simultaneously. How to contain process; [ / map / 
above-mentioned / 1st and 2nd height ] in order to proofread process; and the 1st and 2nd position 
detecting systems of the above which make the 2nd height map of the above-mentioned substrate. 
[Claim 24]The 1 st object table (MT) which is the method of manufacturing a device using a lithography 
projection apparatus which has the following composition, and is provided with a mask holder for 
holding :mask (MA);. Have a substrate holder for holding a substrate (W). The 2nd, A movable object table 
(WT) an irradiated part of; and this mask. A process of providing a mask (MA) which supports a pattern in 
the 1st object table of the projection system (PL); above for carrying out image formation on a target 
portion (C) of this substrate; process; which forms a substrate (W) which has a radiation induction layer in 
the above-mentioned 2nd object table, and the above-mentioned irradiated part of this mask. In order to 
expose two or more substrates including process; which carries out image formation on the 
above-mentioned target portion' of this substrate, in a method of repeating a process of forming the 
above-mentioned substrate, and a process which carries out image formation — : — to each substrate 
formed in this 2nd object table, How having process; Which compares a height map of a substrate obtained 
one by one in order to detect correlation of a position of the degree of complaint side which may show 
contamination or a structural defect of process; and the above-mentioned 2nd object table which makes a 
height map in which height of two or more points on this substrate face is shown [Claim 25]a radiation 
system (LA.) for being a lithography projection apparatus and supplying a projection beam (PB) of radiation 
IL'; The 1st [ provided with a mask holder for holding a reflexibility mask (MA') ], A movable object table 
(MT);. Have a substrate holder for holding a substrate (W). . Are related with a reference surface of two or 
more points on a flat surface of a reflexibility mask which is a projection device containing projection system 
(PL'); for carrying out image formation of the irradiated part of 2nd object table (WT); and this mask on a 
target portion (C) of this substrate, and was held on the rabove-mentioned mask holder. During exposure of 
height map preparing means; constituted and allocated so that height might be measured and the height map 
might be made, and the above-mentioned target portion, Equipment having control means; constituted and 
allocated so that a position [ in / at least / the 1st direction of the above ] of the above-mentioned 1st 
object table might be controlled according to the above-mentioned height map. 

[Claim 26]a radiation system (LA.) for being the method of manufacturing a device using a lithography 



projection apparatus which has the following composition, and supplying a projection beam (PB) of radiation 
IL'; The 1st [ provided with a mask holder for holding a reflexibility mask (MA') ]. A movable object table 
(MT); a substrate (W). A substrate holder for holding, projection system [ for carrying out image formation of 
the irradiated part of 2nd object table (WT); which it has, and this mask on a target portion (C) of this 
substrate ] (PL'); — process; which provides a reflexibility mask (MA') which supports a pattern in the 
above-mentioned 1st object table — a radiation induction layer on the above-mentioned 2nd object table. 
In an included method, a process of carrying out image formation of process; which forms a substrate (W) 
which it has, and the above-mentioned irradiated part of this mask on the above-mentioned target portion 
of this substrate The :above-mentioned image formation process front, A method which has the feature in 
process; which positions this 1st object table in the 1st direction of the above at least with reference to the 
above-mentioned height map in process; which makes a height map about a reference plane on the 
above-mentioned 1st object table of two or more points on this mask surface in which height is shown, and 
the above-mentioned image formation process. 



DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention]This invention relates to height detection and leveling of a substrate and/or a mask 
in a lithography device. The 1st object table which this invention is a lithography projection apparatus and is 
provided with the mask holder for holding the radiation system; mask for supplying the projection beam 
of xadiation in detail; The 2nd [ provided with the substrate holder for holding a substrate ], Movable object 
table; projection system [ for carrying out image formation of the irradiated part of this mask on the target 
portion of this substrate ];, and the above-mentioned 2nd object table, It is related with the system for 
off-axis leveling in the projection device containing positioning system; for the above-mentioned projection 
system to move the above-mentioned mask parts on the above-mentioned substrate between the exposed 
position and measuring point which are made to image formation. 
[0002] 

[Description of the Prior Artjsince it is easy, although this projection system may be henceforth called a 
lens — ; — it should be widely interpreted as this term including the projection system of various form 
containing a refractility optical element, a reflexibility optical element, a reflective refractility optical 
element, and a charged particle optical element, for example. This radiation system may also follow for any 
of these principles being, the element which acts in order to point to the projection beam of radiation and to 
fabricate or control it may also be included, and such an element may also be called a "lens" collectively or 
independently below. Moreover, this 1 st and 2nd object table may also be called a "mask table" and a 
"board table", respectively. The thing of form which has two or more mask tables and/or two board tables 
or more may be sufficient as this lithography device. In such "multistage" equipment, an additional table 
may be used in parallel, or a preliminary process may be carried out on one or more tables, and, on the other 
hand, other one or more tables may be used for exposure. 
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[0003]A lithography projection apparatus is applicable to manufacture of an integrated circuit (IC), for 
example. In such a case, a mask (reticle) may also include the circuit pattern corresponding to each layer of 
this IC, and image formation can be carried out on the exposed region (die) of the substrate (silicon wafer) 
which applied this pattern in the layer of photosensitive materials (resist). Generally, it irradiates with every 
one them one by one at once through a reticle including all the networks of the die with which one wafer 
adjoins, irradiating with each die by exposing all the reticle patterns at once on a die in one form of a 
lithography projection apparatus — ; — such equipment is usually called a wafer stepper. In the alternate 
device usually called step and scan equipment. If it is the speed nu which this reticle pattern is sequentially 
scanned to the reference direction (the "scanning" direction) given by the projection beam, and this 
projection system generally considers it as the magnification M (generally <1) on the other hand, and scans 
a wafer table, It irradiates with each die by scanning a wafer table in this direction at the speed which scans 
the reticle table which magnification M Is the speed to apply synchronizing with parallel or reverse parallel. 
The further information about a lithography device which was explained here is collectable from 
international patent application WO97/33205, for example. 

[0004]The lithography device contained the single mask table and the single board table very much till these 
days. However, please refer to the multistage equipment indicated to international patent application W098; 
[ with an available machine which now has at least two independently movable board tables ], for example,/, 
28665, and WO98/40791. Such a basic motion principle of multistage equipment in back, In order to expose 
the 1st substrate that has the 1st board table on it, while being under a projection system, The 2nd board 
table can move to a loading position, discharge the exposed substrate, and a new substrate is taken up, 
Shortly after performing some initial measurement to this new substrate and then completing exposure of 
the 1st substrate, it is standing by in order to transport this new substrate to the exposed position under a 
projection system, and repeating;, then this cycle. Thus, it is possible to improve a mechanical throughput 
considerably and the cost of ownership of this machine is improved as a result. He should understand that 
this same principle can be used only for one board table which moves between an exposed position and a 
measuring point. 

[0005]The exposed region where the versatility on a substrate ("die") means the measurement performed 
to a substrate by this measuring point, for example, The determination of the spaced relationship between 
the reference marker on a substrate and at least one reference marker located in the outside of the 
substrate region on a board table (for example, standard) (X and the direction of Y) may also be included, 
such information can be used in an exposed position, in order for the exposed region about a projection 
beam to make it quick and to perform exact X and Y positioning behind — ; — the further information — for 
example, W099 / 32940 (P-0079) reference. In this Description, Z position of a substrate face in various 
points is related to the reference surface of a substrate holder, and preparation in the point of measurement 
of a height map is also indicated. However, this reference surface is defined with Z interferometer by a 
measuring point, and another Z interferometer is used for it in an exposed position. Therefore, it is required 
to get to know the exact relation between the starting points of two Z interferometers. 
[0006] 

[Problem to be solved by the invention]The purpose of this invention is to provide the system for carrying 
out off-axis leveling of a substrate which avoids the necessity of connecting the starting point of two 
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interferometer systems, and enables an additional improvement of positioning of an exposed region in an 

exposure process in a lithography projection apparatus. 

[0007] 

[Means for solving problem]The 1st object table which according to this invention is a lithography projection 
apparatus and is provided with the mask holder for holding the radiation system; mask for supplying the 
projection beam of radiation;. Have a substrate holder for holding a substrate. The 2nd movable object table; 
projection system [ for carrying out image formation of the irradiated part of this mask on the target portion 
of this substrate ];, and the above-mentioned 2nd object table, In the projection device containing 
positioning system; for the above-mentioned projection system to move the above-mentioned mask parts 
on the above-mentioned substrate between the exposure station and measuring station which are made to 
image formation, the 2nd object table of; above has the physical reference surface fixed to it, and it 
and projection device, Two or more points on the surface of the substrate which was located in the 
above-mentioned measuring station and held on the above-mentioned substrate holder, The height map 
preparing means about the above-mentioned physical reference surface constituted and allocated so that 
height might be measured and the height map might be made; It is located in the above-mentioned exposure 
station, After moving the above-mentioned 2nd object table to the above-mentioned exposure station, 
during exposure of position measuring means [ for measuring the position in the 1st vertical direction 
substantially to the above-mentioned substrate face of the above-mentioned physical reference surface ];, 
and the above-mentioned target portion, The equipment having the control means constituted and allocated 
so that the position of the above-mentioned 2nd object table in the 1 st direction of the above might be 
controlled at least, and; according to the above-mentioned position measured by the above-mentioned 
height map and the above-mentioned position measuring means is provided. 

[0008]The 1st object table provided with the mask holder for holding the radiation system; mask for 
supplying the projection beam of radiation according to the further mode of this invention;. Have a substrate 
holder for holding a substrate. The 2nd, The irradiated part of movable object table; and this mask. The 
process of being a manufacturing method of the device using the lithography projection apparatus 
containing the projection system for carrying out image formation on the target portion of this substrate at 
an exposure station, and providing the mask which supports a pattern in the 1st object table of :above; on 
the above-mentioned 2nd object table, a radiation induction layer. In the included method, the process of 
carrying out image formation of process; which forms the substrate which it has, and the above-mentioned 
irradiated part of this mask on the above-mentioned target portion of this substrate The :above-mentioned 
image formation process front, This 2nd object table is located in a measuring station, and Two or more 
points on this substrate face, The process of making the height map about the physical reference surface 
on the above-mentioned 2nd object table in which height is shown; This 2nd object table is moved to the 
above-mentioned exposure station, In process; which measures the position in the 1 st vertical direction 
substantially to the above-mentioned substrate face of the above-mentioned physical reference surface, 
and the above-mentioned image formation process, this 2nd object table, With reference to the 
above-mentioned position measured in the 1 st direction of the above of the above-mentioned height map 
and the above-mentioned physical reference surface, the way the process positioned in the 1st direction of 
the above at least has the feature is provided. 



[0009] 

[Mode for carrying out the inventionjln the manufacturing process using the lithography projection 
apparatus by this invention, image formation of the pattern of a mask is carried out on the substrate 
selectively covered with energy sensitivity material (resist) at least. Before this image formation process, 
this substrate may receive various processings like an under coat, a resist application, and soft bake, for 
example. A substrate may receive other processings like measurement/inspection of after-exposure bake 
(PEB), development, postbake, and an image formation form after exposure, for example. This the 
processing of a series of is used as the foundation for patternizing each layer of a device, for example, IC. 
The layer patternized such may receive next various processings of etching! an ion implantation (doping), 
metalization processing, oxidation treatment, chemistry, mechanical polish, etc., etc. in which finishing of 
each layer was meant altogether. If some layers are necessary, new [ of all the processings or the 
modification of those / each ] will have to be carried out, and it will have to repeat to ♦***. After all, the 
array (die) of a device is made on a substrate (wafer). Next, these devices are separated from each other 
with dicing or a technique like sawing, each device is attached to a carrier from there, and a pin can be 
connected. The further information about such a process can be acquired from books, such as 
ISBN0-07-067250-4, in "the practical use guide of manufacture:semiconductor processing of a microchip" 
of Peter Van Zandt, the 3rd edition, the McGraw-Hill publishing company, and 1997, for example. 
[0010]The text may explain especially in order to use the equipment by this invention for manufacture of IC, 
but he should understand clearly that such equipment has possibility of many of other uses. For example, it 
may be used for manufacture of integrated optic systems, the derivation detecting patterns for magnetic 
domain memories, liquid crystal display panels, thin film magnetic heads, etc. Probably, it turns out [ of the 
term of the "reticle", the "wafer", or the "die" which a person skilled in the art uses in this text due to such 
an alternative use ] that it should be considered for which that it is replaced by each in a respectively more 
general term "mask", a "substrate", and a "exposed region." 

[001 1]In this Description, using the term of "radiation" and a "beam", ultraviolet rays. Although (for 
example, a wave part (365 nm, 248 nm, 193 nm, 157 nm, or 126 nm)), extreme ultraviolet rays (EUV), X-rays, 
an electron, and ion are included, all kinds of the electro magnetic radiation or particle flux which is not 
limited to it is included. After all, this invention is explained using the reference frame of the rectangular 
crosses X and Y and a Z direction, and rotation of the circumference of an axis parallel to the direction of I 
is expressed with Ri here, furthermore — since it requires that the context should be another — if — it 
uses here — "vertically" — the term (Z) points out a direction vertical to a substrate or a mask surface 
rather than means any of this equipment, or a specific direction. 
[0012] 

[Work example 1]With reference to an embodiment and an attached schematic view, this invention is 
explained below. Drawing 1 shows the lithography projection apparatus by this invention roughly. This 
equipment is :-. Radiation system LA for supplying the projection beam PB of radiation (for example. UV or 
EUV), Ex, IN, CO; 

- 1st object table (mask table) MT combined with the 1st positioning means for having a mask holder for 
holding mask MA (for example, reticle), and positioning this mask correctly about component PL; 

- The 2nd object table (a substrate or a wafer table) WTa combined with the 2nd positioning means for 
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having a substrate holder for holding the substrate W (for example, silicon wafer which applied the resist), 
and positioning this substrate correctly about component PL; 

- The 3rd object table (a substrate or a wafer table) WTb combined with the 3rd positioning means for 
having a substrate holder for holding the substrate W (for example, silicon wafer which applied the resist), 
and positioning this substrate correctly about component PL; 

In a measuring station - The board table WTa. Or measurement system MS; and - for performing a 
measurement (characteristic display) process on the substrate held on WTb On the exposed region C of the 
substrate W held at the exposure station at the board table WTa or WTb (die), the irradiated part of this 
mask MA. Projection system ("lens") PL(for example, system [ of refraction or reflective refractility ], 
Mirror Group Newspapers, or field-of-view deflecting system array); for carrying out image formation is 
included. 

[0013]This equipment is a transmission type as shown here (that is, it has a transmission type mask). 
However, generally a reflection type may be sufficient as it, for example. 

[0014]This radiation system contains line source LA (for example, the undulator, the source of laser 
plasmas, electron, or ion beam source provided in the surroundings of the course of the electron beam of a 
mercury lamp, the Examiner laser, a storage ring, or a synchrotron) which makes the beam of radiation. It is 
made for the beam PB as for which this beam was let pass and made to various optics contained in this 
lighting system, - Ex, for example, a beam formed optical element, the integrator IN, and capacitor CO- to 
have desired form and the intensity distribution in that section. 

[0015]This beam PB crosses mask MA currently held continuously at the mask holder on mask table MT. 
After passing mask MA, the beam PB passes lens PL and the lens converges the beam PB on the exposed 
region C of the substrate W. The exposed region C which can move the board table WTaWTb correctly by 
the 2nd and 3rd positioning means, for example, is different is arranged in the course of the beam PB using 
interferometer displacement and measuring means IF. Similarly, after taking out mask MA mechanically from 
a mask library, using the 1 st positioning means, this mask MA can be correctly arranged about the course of 
the beam PB. Generally, movement of the object tables MT, WTa, and WTb is realized using a long stroke 
module (rough positioning) and a short stroke module (detailed positioning), although there is no ****** in 
drawing 1 clearly. In the case of a wafer stepper, (differing from step and scan equipment) and a reticle table 
may be combined only with a short stroke pointing device, and it may perform direction of a mask and 
detailed adjustment of a position. 

[0016]These 2nd and 3rd positioning means may be constituted so that each board table WTaWTb of them 
can be positioned [ the range including both the exposure station under projection system PL, and the 
measuring station under measurement system MS ]. Instead, these 2nd and 3rd positioning means, It may 
replace by the table means of exchange for exchanging the separate exposure station, the measuring 
station positioning systems, and these board tables for positioning a board table to each exposure station 
between two positioning systems. The suitable positioning system is especially indicated to above 
W098/28665. and WO98/40791. A lithography device may differ in the number of that it may have a 
multistage exposure station and/or a multistage measuring station and measuring stations, and the number 
of exposure stations mutually, and the total of the station should notice it about that it does not need to be 
equal to the number of board tables. The principle which makes exposure and a measuring station separate 

11 



actually holds good also in a single board table. 

[0017]:1. which can use the equipment to illustrate in two different modes In step-and-repeat (step) mode, 
it fixes intrinsically, mask table MT is held, and all the mask images are projected at once on the exposed 
region C (with namely, single" flash plate"). Next, it enables it to irradiate with the exposed region C which 
moves board table MT in X or the direction of Y, and is different by the beam PB, and is;2. in step and scan 
(scan) mode. Except for not exposing the given exposed region C by single" flash plate", the same scenario 
is applied intrinsically. Instead, it can move in the direction (the what is called "scanning" direction of Y, for 
example, the direction) to which mask table MT was given at the speed v, and make the projection beam PB 
scan a mask image top, and; Curve, and the board table WTa or WTb is moved simultaneous [ to a counter 
direction / at the rate of V=Mv ] similarly. However. M is the magnification (typically M= 1/4 or 1/5) of lens 
PL Thus, it is not necessary to compromise on resolution and the comparatively big exposed region C can 
be exposed. 

[0018]The important factor which influences the image formation quality of a lithography device is accuracy 
which converges a mask image on a substrate. The range for adjusting the position of the focal plane of 
projection system PL is restricted actually, and since the depth of focus of the system is shallow, this 
means that the exposed region of a wafer (substrate) must be correctly arranged to the focal plane of 
projection system PL. In order to carry out this, of course, it is necessary to get to know both the position 
of the focal plane of projection system PL, and the position of the upper surface of a wafer. Although a 
wafer is ground to super-high flatness, the deviation ("the degree of complaint side" is called) from the 
perfect flatness of a wafer surface of sufficient size to influence for focal accuracy notably may take place. 
The degree of complaint side may be produced with the dirt of distortion or the wafer holder of dispersion in 
wafer thickness, and the shape of a wafer type, for example. Existence of the structure by previous down 
stream processing also influences the height (flatness) of a wafer considerably. By this invention, the cause 
of the degree of complaint side is mostly unrelated, and considers only the height of the upper surface of; 
wafer. In not mentioning specially, the "wafer surface" called below points out the upper surface of a wafer 
which projects a mask image on it. 

[001 9]According to this invention, after loading a board table with a wafer, height Z Wefer of a wafer surface to 
the physical reference surface of this board table is used as a map. The vertical (Z) position of this physical 
reference surface and vertical-position Z LS of a wafer surface are measured in respect of plurality using the 
1st sensor that this process is a measuring station and is called a level sensor. And it carries out by 
measuring the vertical position of this board table, and Z IF simultaneously at the same point using the 2nd 
sensor, for example, Z interferometer. As shown in drawing 2 . wafer surface height is determined as 
Zw^Zls-Z^. Next, the board table which supports this wafer is moved to an exposure station, and the 
vertical position of a physical reference surface is determined again. Next, when positioning a wafer in an 
exposure process in a right vertical position, this height map is referred to. This procedure is explained in 
more detail with reference to drawing 3 t hru/or drawing 6 below. 

[0020]As shown in drawing 3, a board table is first moved, as the physical reference surface fixed to this 
board table is under level sensor LS. If this physical reference surface does not change X on a board table, 
Y, and Z position in the case of movement between a measuring station and an exposure station of a board 
table under processing of the wafer in this lithography device, and to the most important thing, a convenient 
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field may be sufficient as it. [ some ] This physical reference surface should have the character which a part 
of standard containing other alignment marks may be sufficient as, and makes that vertical position measure 
by the same sensor as measuring the vertical position of a wafer surface. In the embodiment suitable now, 
this physical reference surface is a reflector of the standard which inserts what is called a transmission 
type image sensor (TIS) in inside. Below, this TIS is explained further. 

[002 1]A photosensor which is indicated to US,5,191,200,B (P-003?) (a focal error detection system is called 
in it) may be sufficient as this level sensor, and it can consider; instead pneumatic pressure, or a capacity 
sensor (for example), for example. The form of the sensor using the moire figure made between the image of 
the projection lattice reflected according to the wafer surface and the fixed detection lattice suitable now is 
explained in relation to the 2nd embodiment of this invention below. This level sensor may measure the 
vertical position of two or more positions simultaneously, and may measure the average height of a small 
area to each, and may average the degree of complaint side of height spatial frequency. 
[0022]Simultaneously with measurement of the vertical position of the physical reference surface by level 
sensor LS, the vertical position of a board table and Z v are measured using Z interferometer. Some of 3. 5, 
or 6 axis interferometer type instrumentation systems which are indicated to WO99/28790 (P-0077), or 
WOPP/32940 (P-0079) may be sufficient as this Z interferometer, for example. As for these Z 
interferometer systems, it is preferred to measure in that it has the same position as the measuring point in 
which level sensor LS proofread the vertical position of the board table in the XY plane. This may measure 
the vertical position by the side of [ which counters ] two of board table WT at the point which is in 
agreement with the measuring point of this level sensor, and may perform between them interpolation / by 
carrying out modeling. This guarantees that this Z interferometric measurement shows surely the vertical 
position of the board table under a level sensor, when a wafer table inclines from an XY plane. 
[0023]this process — the [ this ] — it estranged in diagonal line from 1 physical reference surface, for 
example — at least — the — repeating in 2 physical reference surface is preferred. Then, a reference 
surface can be defined using the height measurement from two or more positions. 

[0024]The coincidence measurement of the vertical position of one or more physical reference surfaces and 
the vertical position of a board table establishes the point of deciding the reference plane used as the 
standard which should use wafer height as a map. Z interferometer of the above-mentioned kind is a 
displacement sensor as a matter of fact than a sensor absolutely. 

Then, although zero doubling is required, it continues broadly and linear position measurement is provided 
highly. 

on the other hand, although a suitable level sensor, for example, the above-mentioned thing, provides 
absolute position measurement about the reference plane (namely, nominal zero) decided outside, it comes 
out [ the small range ]. When using such a sensor, it is convenient to move a board table vertically until a 
physical reference surface is located in nominal zero in the middle of the time base range of a level sensor, 
and to read the present interferometer Z value. These one or more measurement about a physical reference 
surface will establish the reference plane for height map creation. Next, Z interferometer is set by zero 
about this reference plane. Thus, this reference plane is connected with the physical side on a board table, 
and a Z Wefer height map is made regardless of other local factors like the degree of complaint side of the base 
plate to which the initial zero position and board table of Z interferometer in a measuring station are moved. 
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Moreover, this height map is made regardless of the drift of the zero position of a level sensor. 
[0025]As shown in drawing 4, once it establishes this reference plane, in order to make a height map, a 
board table will be moved so that a wafer surface may be scanned under a level sensor. The vertical position 
of a wafer surface and the vertical position of a board table are measured in respect of the plurality of a 
known XY position, it lengthens from each other, and the wafer height in a known XY position is obtained. 
These wafer height values can form a wafer height map, and it can be recorded in a suitable form. For 
example, these wafer height values and XY coordinates may be memorized to the pair which does not look 
together to what is called an eye. Instead, by scanning a wafer at the rate of predetermined in accordance 
with a predetermined course, and measuring the point which takes a wafer height value at the 
predetermined intervals, for example, it decides beforehand and is made for the array of a simple list or a 
height value to come out enough for deciding this height map (parameter of a small number which 
determines a measured pattern and/or the starting point arbitrarily) 

[0026]A great portion of movement of the board table under height map creation scan is only in an XY plane. 
However, if level sensor LS is form of providing only positive zero reading, in order to maintain a wafer 
surface at the zero position of this level sensor, also vertically, a board table is moved. Then, it derives 
intrinsically from Z movement of a board table which measured wafer height with 2 interferometer required 
in order to maintain zero reading from a level sensor. However, it is preferred to use the level sensor in 
which the time base range which an output can linearize with regards to wafer height and linearity is quite 
wide. Ideally, such a time base range includes the maximum prediction of wafer height, or a permissible 
variation. Since according to such a sensor it is not by the capability of a short stroke board table for a scan 
speed to pursue the outline of a wafer by a three dimension and is restricted by the response time of a 
sensor, The necessity for vertical movement of the board table under this operation decreases, or is lost, 
and can finish a scan quickly. The large sensor of a proportional region enables it to measure height 
simultaneously in two or more positions (for example, array of a point). 

[0027]Next. as a wafer table is moved to an exposure station and it is shown in drawing 5 . this (physical) 
reference surface is arranged under a projection lens, and it can be made to perform measurement of that 
vertical position to the focal plane of this projection lens. By a preferred embodiment, this attains the 
detector using one or more transmission type image sensors (it explains below) physically combined with 
the reference surface used by pre- measurement. This transmission type image sensor can determine the 
vertical focusing position of the image projected from the mask under a projection lens. The course for the 
board table in the three dimension which can prepare this measurement, and can connect this reference 
plane with the focal plane of a projection lens, and maintains a wafer surface at the optimal focus can be 
decided. One method of performing this is calculating Z and Rx to a point, and Ry set point of a series in 
alignment with this scanning path. These set points decide to make the difference between wafer map data 
and the focal plane of an exposure slit image into the minimum using a least square method. In order to 
calculate easily, the relative motion of an exposure slit image and a wafer can be expressed under the 
condition that a slit moves to a static wafer. Then, this least square standard can be expressed as finding 
the value of Z (t) which gives the minimum of the following formula, Rx (t), and Ry (t) to each time t. : [0028] 
[Mathematical formula 1] 
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However, w (x, y) is a wafer height map, and exposure slits are the width s of a scanning direction, and a 
rectangle flat surface of length W vertical to this scanning direction. 
The position is defined by Z (t), Rx (t), and Ry (t). 

Being able to express these set points and a wafer course as a function of Y (position of a scanning 
direction), or t (time), that is because these are connected by Y=y 0 +vt. However. y 0 is the starting point and 
v is a scan speed. 

[0029]As mentioned above, a physical reference surface has a preferred field which inserts a transmission 
type image sensor (TIS) in inside. As shown in drawing 7 . the wafer W attaches the two sensors TIS1 and 
TIS2 to the reference plate attached to the upper surface of a board table (WT, WTa, or WTb) in the position 
which counters the outside of a wrap field in diagonal line. This reference plate is made from a material 
highly stable in the low thermal expansion coefficient dramatically, for example, umber, has the flat reflective 
upper surface, and may support the mark which it uses in an alignment process. TIS1 and TIS2 are sensors 
used in order to measure directly the vertical (and level) position of the aerial image of a projection lens. The 
photodetector which induces the radiation which uses them for each surface for exposure processes in the 
back near it including an opening is arranged. In order to decide the position of a focal plane, a projection 
lens projects the image of pattern TIS-M of TIS which provides on mask MA and has ** and dark contrast 
areas on space. Next, a substrate stage is scanned horizontally (to 2-way [ One direction or preferably ]), 
and vertically, and it is made to pass through the space predicted that the opening of TIS has this aerial 
image. A TIS opening's passage of ** and dark space of the image of a TIS pattern will fluctuate the output 
of a photodetector. The vertical level whose amplitude photodetector output variation speed is the 
maximum shows the level with which the image of a TIS pattern has the greatest contrast, therefore shows 
the flat surface of the optimal focus. The example of this kind of TIS is indicated very in detail to 
US,4,540,277,8. Instead of TIS, a reflective image sensor (RIS) which is indicated to US,5,144,363,B may 
also be used. 

[0030]Using the surface of TIS as a physical reference surface has the advantage that TIS measurement 
connects directly the reference plane used for a height map with the focal plane of a projection lens, then a 
height map can be directly used for it, in order to give height amendment into an exposure process for a 
wafer stage. This is illustrated to drawing 6 . and it shows board table WT positioned under control of Z 
interferometer in the height decided on the height map, as a wafer surface is located in the right location 
under projection lens PL. 

[0031]This TIS surface may support a reference marker additionally, may detect that position using a TTL 
(it lets lens pass) aligning system, and may align a board table on a mask. Such an aligning system is 
indicated to EP-0,467,445A (P-0032), for example. Alignment of each exposed region can also perform an 
exposed region in the alignment procedure performed in a measurement stage in order to align at the 
reference marker on a wafer stage, or may be made unnecessary by it. Such a procedure is indicated to 
EP-0906590A (P-0070), for example. 

[0032]Probably, by a production process, it turns out in both the modes of step-and-repeat one and a step 
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and scan that the mask image projected by projection system PL continues and spreads to a remarkable 
field not in a single point but in an XY plane. Since wafer height may cover this field and may vary 
considerably, it is desirable to cover not only a single point but this whole projection area, and to optimize 
focusing. In the embodiment of this invention, this can be attained, when not only the vertical position of 
board table WT but inclination (Rx, Ry) of the circumference of the X and a Y-axis controls. The position and 
range of an exposed region to mean are got to know, and the optima Z and Rx and Ry set point of the board 
table to each exposure can be beforehand calculated using the height map made by this invention. This 
omits time required when a wafer is located under a projection lens, in order to level with the known 
equipment which measures only wafer height, therefore increases a throughput. Using known various 
mathematical techniques, an interactive process may be used for the optima Z and Rx and Ry set point, and 
they may calculate it by making into the minimum the focal gap with which it continued and integrated to the 
whole exposed region (a definition is given as a distance between a wafer surface and an ideal focal plane), 
i.e., LSQ. (t). 

[0033]The further advantage is possible in step and scan mode. In this mode, a projection lens projects 
some images of a mask pattern on the portion to which an exposed region corresponds. Next, this mask and 
substrate are synchronously scanned from the object of projection system PL, and the end of an image 
focal point side to an end. and image formation of all the mask patterns is carried out on ail the exposed 
regions. Although a projection lens is fixed and a mask and a substrate are moved actually, it is often 
convenient to transpose this process to the image slit which moves on a wafer surface, and to consider it. It 
is possible to calculate a series of Z which is the beforehand fixed height map and is adjusted to XY 
scanning path (a scan is usually performed to one way. for example, Y) by this invention. Rx. and Ry set point. 
This set point of a series of can be optimized by making into the minimum the normal acceleration or tilting 
which may induce the increase of a throughput, or vibration which is not desirable by an additional standard, 
for example. Supposing it can give a series of estranged set points, the scanning path over exposure is 
calculable using a polynomial or a spline conformity procedure. 

[0034]Although it means arranging a wafer to an optimal position by Z. Rx. and Ry to the given exposure in 
this invention, the whole exposed region is covered and wafer height is changed. 

Therefore, it may be unable to arrange so that focusing of the wafer may fully be carried out over all the 
fields. 

Such focus spot what is called may produce poor exposure. However, such fault can be beforehand 
predicted by this invention, and repairing work can be performed, without it carries out the adverse effect of 
the wafer with faulty peel-off and exposure of a wafer to the further processing — ****** — things are 
made. Instead, the defect who predicted influences only one or few devices on this wafer, but if others are 
success, they may improve a throughput by flying the exposure which can be predicted that a defective 
device is made beforehand. 

[0035]The further advantage of focus spot detection can be acquired from the analysis of the made height 
map. When the serious grade from a global wafer surface exists in a wafer height map, this may show the 
degree of substrate complaint side, or the focal dirt under process influence. The comparison of the wafer 
height map from some wafers can show the focal dirt by contamination of a board table, or the degree of 
complaint side. When appearing in the same or. almost same position to the wafer in which focal dirt differs. 
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this has highest possibility of being generated by substrate holder contamination (what is called "zipper 
dirt"). From one wafer height map, the height map (topology) from the exposed region (die) to repeat can 
also be compared. If a big difference arises in a certain die about an average height map, the focal dirt by 
wafer processing or a board table can be suspected. Instead of comparing a wafer height map, the same 
comparison can also be performed about the derivation exposure course per die, the focal gap parameters 
MA and MSD which are explained below, or a move focus. Focus spot can also be detected when a certain 
die or wafer separates greatly from an average exposure course or a focal gap parameter. 
[0036]Before all the analyses described above expose a wafer, they can be conducted, and repairing work 
like wafer exclusion (influence of processing) or substrate holder cleaning (zipper dirt) can be performed. By 
these methods, it can localize to the size of the point of measurement of the focus spot level sensor 10. 
This means the resolution higher than the conventional method of focus spot detection for whether your 
being Haruka. 
[0037] 

[Work example 2]The 2nd embodiment of this invention is shown in drawing 8 , and it shows only the parts 
relevant to the following arguments only in an exposure station and a measuring station. This 2nd 
embodiment uses the leveling principle of this invention explained above with a certain improvement 
explained below. 

[0038]It is shown in the exposure station on the left of drawing 8 that projection lens PL attached to 
Measurement Division frame MF projects the image of TIS marker TIS-M on mask MA on the sensor TIS 
attached to wafer table WT. This Measurement Division frame is isolated from transfer of the vibration of 
this equipment from other parts, and only the passive parts used for detailed Measurement Division and 
alignment detection are carried on it. This whole Measurement Division frame may be made from a very 
small material of a coefficient of thermal expansion like umber so that this equipment may also change with 
the very stable platform of the most sensitive measuring element. The mirrors 34 and 35 are among the 
parts attached on this Measurement Division frame MF, and measurement beam Z IF of Z interferometer is 
drawn by the 45-degree mirror 31 attached to the side of wafer table WT at it. In order to guarantee that the 
motion range of X is covered and Z position of a board table can be measured, the mirrors 34 and 35 have 
big breadth in the direction of X. In order to guarantee that this Z position can be measured [ the range of Y 
movement ], the mirror 31 covers the overall length of a wafer table. Beam generating of the reliance sensor 
20a and the receipt parts 21a and 22a which are explained in detail below are attached to Measurement 
Division frame MF after all. 

[0039]In a measuring station (it is the right at drawing 8 ). the same Measurement Division frame MF 
supports the mirrors 33 and 32 which achieve the same function as the mirrors 34 and 35 of an exposure 
station, since the mirrors 32 and 33 also correspond to the required motion range of board table WT — an 
exposure station — completely — the same — it has the big breadth of the direction of X. The level sensor 
10 containing the beam generating part article 1 1 and the primary detecting element article 12 is also 
attached on Measurement Division frame MF. Moreover, it has the same reliance sensor 20b as the reliance 
sensor 20a of an exposure station intrinsically. It can provide, other measuring devices, for example, 
alignment module. 

[0040]As argued above, using a physical reference surface (also in this embodiment, this is given by the 
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upper surface of TIS), A wafer height map is related with a wafer stage, and it is made unrelated to a certain 
local factor like the degree of complaint side of the base plate (stone) BP in which the zero position of two 
Z interferometers moves it, and a wafer table moves a top. However, since it controls using another Z 
interferometer which made the wafer height map in the measuring station using Z interferometer, and 
established the board table position there at the exposure station, A certain difference as a function of the 
XY position between two Z interferometers may influence the accuracy which arranges a wafer surface to a 
focal plane. The main factor of these change with the interferometer systems of the kind used by this 
invention is the degree of complaint side of the mirrors 32. 33. 34. and 35. The 45-degree mirror 31 is 
attached to wafer table WT, and it moves it with it. when a position replaces between an exposure station 
and a measuring station, therefore, the degree of complaint side of these mirrors is the same as a measuring 
station to positioning at an exposure station — grade influence is carried out and it is fully removed. 
However, if the mirrors 32. 33. 34. and 35 attached on Measurement Division frame MF stagnate with each 
interferometer of them, then a difference is shown in the matched pairs 32 and 34 and the surface outline of 
33 and 35, the adverse effect of them may be carried out to the vertical-position arrangement accuracy of 
board table WT. 

[0041 ]The confirmation sensors 20a and 20b are used for initial setting of this equipment, are used if 
needed periodically after that, and proofread the difference between Z interferometers at a measuring 
station and an exposure station. These confirmation sensors are sensors which can measure the vertical 
position of the upper surface of a wafer at one or more points when scanning a board table under it. 
Although the reliance sensors 20a and 20b can make a design the same as the level sensor 10, since it is not 
necessary to do them so and only; and setting out are used for them not with a production wafer but with a 
reference wafer (to and rare recalibration), their design basis is not troublesome and they can design a 
simple sensor using this. On the contrary, that projection lens PL exists in an exposure station needs to 
restrict the physical location which can be used for a confirmation sensor at the station, and it also needs to 
take this into consideration to a design or selection of each confirmation sensor. Since the proofreading 
using a confirmation sensor influences the quality of all exposure, high degree of accuracy is required of 
them. 

[0042]A board table is loaded with a reference wafer in the proofreading process using a confirmation 
sensor. As for this reference wafer, it is preferred that it is a naked silicon wafer, although some flat 
demands do not have it from the Si wafer of the usual nakedness — the surface finish (at point of 
reflectance) — optimizing to the reliance sensor of these is preferred. It is preferred to grind so that this 
reference wafer may make that reflectance the maximum and the degree of complaint side may be made 
into the minimum in the preferred embodiment of this invention. 

[0043]The partial height map (it usually passes and is related to a physical reference surface) of a reference 
wafer is made from a calibration procedure in a measuring station not using the level sensor 10 but using the 
confirmation sensor 20b. This is performed by the same method as the level sensor 10, arranges; physical 
reference surface (TIS) at the zero point of a reliance sensor, makes Z interferometer zero, then, scans a 
wafer under a reliance sensor, and makes a height map from the difference between reading of a 
confirmation sensor and Z interferometer. A height map is made from the same point as the height map of a 
measuring station also at an exposure station using the reliance sensor 20a. To this proofreading, the height 
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map does not need to scan a wafer thoroughly and only needs to cover the strip corresponding to 
movement of Z interferometer beam on the; mirror 32-35. (If an order which makes the map of these is 
stability while a wafer performs both on a board table, it is not important.) 

[0044]Probably, they were produced according to the difference between the measurement systems used in 
order to make them, when these maps had a difference among them, since they expressed the same wafer. 
Two reliance sensors are static, then normalization of two height maps instead of positional dependence 
and/or subtraction of an offset can remove the influence on those height maps. If there is a difference 
which remains, it is positional dependence, can lengthen two height maps from each other, and can make the 
compensation table (mirror map) which relates an exposure station Z interferometer with a measuring 
station Z interferometer. It is possible that these compensation tables are the results of the difference 
between the mirrors 33, 35, and 32 attached to Measurement Division frame MF, and 34, Then, it can use in 
order to amend one of the Z interferometers used in order to be able to apply to the wafer height map made 
from the production process or to make a map, or in order to position a board table during exposure. The 
difference of Z position produced the degree of complaint side of the mirror of each interferometer systems 
by a precise structure especially the Measurement Division frame mirror, and board table mirror of Z 
interferometer may also be an inclination dependency in one or more flexibility (Rx, Ry, Rz). In order to 
abolish this inclination dependency, the compensation table (mirror map) in which it may be necessity in 
which making some height maps in the wafer stage of various different inclinations using a reliance sensor, 
and a large number differ if needed can be derived. 

[0045]Since the principle of off-axis leveling was explained, the further improvement of some used in the 
2nd embodiment and the method to the production process to incorporate are explained shortly. Drawing 9 
and drawing 1 0 show the process performed at a measuring station and an exposure station, respectively. In 
the lithography device which uses two wafer tables, one table performs the process of drawing 9 . and on the 
other hand, the 2nd table performs the process of drawing 10 simultaneously, before exchanging them. By 
the following explanation, the "life" of a single wafer continues until it goes and returns from a measuring 
station ( drawing 9 ) to an exposure station ( drawing 10 ). 

[0046]It loads with the wafer applied to the process S1 of drawing 9 by **** and a photosensitive resist on 
board table WT. this generally has a board table out of the range of interferometer-systems IF. It should be 
cautious of it carrying out at a charge station other than a measuring station. Process S2 of moving this 
wafer table into the capturing range of one or more position detecting devices (PSD) so that it can perform 
initial rough zero setting an interferometer instrumentation system. Detailed initialization / zero setting 
interferometer systems continue by the process S3 and S4 after this initial rough zero doubling. It appoints 
a reference plane (it fixed to the wafer table) including the level sensor measurement ("LS" shows) on a 
physical reference surface (two or more), and these two processes measure a wafer height map about it. 
Two alignment measurement ("AA" shows) is performed about the marker located on the same physical 
reference surface, and the level reference position fixed to the wafer table is defined. These measurement 
by S3 and S4 carries out zero doubling of these interferometer systems effectively with all the flexibility. 
[0047]The next process in this leveling procedure is S5 called a global-area level outline (GLS). In this 
process explained in more detail below, the initial scan by the level sensor of wafer prehension and a wafer 
is performed, and the height in the greater part of that point that the height of that whole, an inclination, and 
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a next detailed scan frequent this wafer is decided. This information enables it to decide the board table 
course for a wafer height map scan. 

[0048]Global-area alignment of a wafer is performed at the process S6. At least two alignment markers on a 
wafer are measured (W1 and W2). and it means that those XY positions were decided about the reference 
marker on a TIS standard. This determines the grade (Rz) which rotates a wafer horizontally about a 
scanning direction (y), and like, since [ which performs a wafer height map scan in parallel with an exposed 
region axis (that is, "an exposed region top is gone straight on") ] rotation of a wafer can be amended, it 
performs it. 

[0049]Then, this leveling procedure continues measurement required for processing dependence 
amendment (PDC). Processing dependence amendment is required of a form with a level sensor, and is 
explained below. 

[0050]A wafer height map must be made every, whenever it exposes a wafer. If the wafer has already 
received one or more down stream processing, this surface layer may also have the topology showing not 
already pure polished silicon but the structure already made on this wafer, or the already made form. A 
different surface layer and structure may influence reading of a level sensor, and the linearity may be 
changed especially. ********** [ influence / these influences may be based on the diffraction operation 
produced according to a surface structure, for example, may be based on the wavelength dependency of 
surface reflectance, and ] whenever this level sensor is optical. In order to opt for required processing 
dependence amendment, board table WT is set as a different vertical position of some covering the linearity 
or the linearization range of the level sensor 10, and an exposed region or a die is operated under this level 
sensor, the physical distance between wafer height, i.e.. a wafer surface, and a reference plane should not 
change in the vertical position of a board table — ; — :Z WAFER =Z LS -Z IF obtained when it lengthens the 
measured value of a level sensor and Z interferometer. Therefore, if the value which Z WAFER determined does 
not change in the vertical position of a board table, this means that either a level sensor or Z interferometer 
and both are not linearity, or it is not a ** scale. Since Z interferometer looks at the mirror on a wafer table 
and the Measurement Division frame, when it is thought that it is linearity and; actuality and the amendment 
for which it once opted by use of the confirmation sensor at least are applied, it is linearity from accuracy 
required for a wafer map at an altitude. Therefore, if a wafer height value has a difference, it will be assumed 
that it was produced from the nonlinearity or the scale error of the level sensor. The output of this level 
sensor can be amended using the knowledge of reading of a level sensor when they and they are observed. 
In the embodiment of this level sensor suitable now, although simple gain correcting was enough, it turned 
out that still more complicated amendment may be necessity at other sensors. 

[0051]lf it has the exposed region where the wafer which should be processed has received another 
processing on it, it will opt for processing dependence amendment to the exposed region of each different 
**** form on this wafer. On the contrary, what is necessary is just to measure processing dependence 
amendment to the exposed region of 1 time various kinds per batch, if the batch of the wafer which has the 
exposed region which received the same or similar processing should be exposed. Then, the amendment is 
[ every ] applicable whenever it makes the height map of the kind of exposed region from a batch. 
[0052]In many IC manufactures, just before loading a lithography device with a wafer, a photosensitive resist 
is attached to it. When it loads with a wafer and clamps in a proper place for the Reason of this or others, it 
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may be a different temperature from a board table. Since the wafer is clamped very firmly using vacuum 
suction when a wafer gets cold to the same temperature as a board table (or it got warm), heat stress may 
arise. These may produce distortion which is not desirable as for a wafer. The thermal balance is attained 
[ by ] when the processes S2 thru/or S7 finish. Therefore, at the process S8. the vacuum clamp to the 
board table of a wafer is released, the heat stress of a wafer is loosened, and then it re-applies. Although 
this relaxation may produce a small change in the position and/or inclination of a wafer, the process S2 
thru/or S4 are unrelated to a wafer, and since S5 and S6 are only coarse measurement, these are 
permissible. Since it is not measurement of a wafer but proofreading of a level sensor, change of the wafer 
position in this stage does not influence processing dependence amendment. 

[0053]It is not again released until it completes an exposure process for a vacuum henceforth after 
re-application and performs Z map by process S9. The scan required for this Z map must measure the 
height of sufficient point so that a wafer can be arranged in desired accuracy during exposure. The 
measured point may be important also for covering the actual field which should expose a wafer.; seal 
attachment lane and what is called a rat may bite, and the measurement covering a non-exposed region like 
a crack may produce the result which invites misunderstanding. Therefore, a height map creation scan must 
be optimized to the specific pattern of the exposed region on the wafer at hand, and explains this below to; 
in more detail. 

[0054]Once Z map is completed, after performing precedence alignment measurement and the process S10, 
board tables will be exchanged to an exposed position at the process S1 1. In this precedence alignment 
process, the position of many alignment markers on a wafer over the reference marker located on the TIS 
standard (physical reference surface) fixed to the board table is determined correctly. This process is not 
explained here any more without relation to this invention in particular. 

[0055]In a replacement procedure, the board table which supports the wafer which made the height map 
arrives at an exposure station. The process S13 of drawing 10 . A coarse position decision of a board table is 
made at the process S14. and if required, mask table MT is loaded with new mask MA. Process S 15. This 
mask charge process may be performed simultaneously with board table exchange, or may be begun at least. 
Once a proper place has a mask and it stops by performing coarse position determination and the process 
S14, the 1st TIS scan will be performed using sensor TIS1 at the process S16. As explained above, this TIS 
scan of the board table in which this TIS is located in the aerial image focus of a projection lens is vertical, 
and a horizontal position is measured and it brings about "refer to the focal plane." Since the height map 
made from process S9 of drawing 9 is connected with the physical surface in which TIS is located, the direct 
lead of the vertical position of a board table required in order to establish a wafer surface in a focal plane to 
another exposed region is carried out. The 2nd TIS scan and the process S17 are also performed using 
sensor TIS2, and the 2nd point for referring to a focal plane is acquired. 

[0056]If a TIS scan is once completed and a focal plane is determined, the exposure process S18 will be 
performed after system proofreading (for example, adjustment for amending the lens heating effect) 
required for the arbitration in the process S19. This exposure process is generally accompanied by exposure 
of two or more exposed regions using one or more masks. When using two or more masks, after the mask 
exchange S20. one TIS scan S17 can be repeated and focal plane change can be updated. Among all the 
exposure, the system proofreading process S19 may also be repeated partly. It exchanges at the board 
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table and the process S1 3 of supporting the wafer which received the processes S1 thru/or S10 of drawing 
9_for the board table which supports the exposed wafer after the end of all the exposure between them. The 
exposed wafer is taken out so that the board table which supports the exposed wafer may be moved to a 
charge station, and it can load with a new wafer and this cycle can be resumed. 

[0057]In order to explain the wafer height map creation scan of process S9 of drawing 9 . drawing 1 1 shows 
the example of the pattern of various form and the exposed region C of a size arranged on a wafer so that 
silicon area may be used best. A triangular free space is inevitably left behind to the general target which 
seal attachment rain SL separates the different exposed region C. and "rat bites, and is known as crack" 
between a rectangle exposed region and the curvilinear edge of a wafer. Once all the production processes 
complete these seal attachment lanes (a different device is separated like), will just be going to cut this 
wafer, and a certain cutting technology, it may be required that all the seal attachment lanes of one way 
should straddle the whole width of a wafer — ; — in that case, if this equipment should be used in step and 
scan mode, it is convenient to turn these wafer width seal attachment lanes of all the in parallel with a 
scanning direction (for example, the direction of Y). After these seal attachment lanes and a rat may bite, 
and a crack may not be exposed, then this wafer receives some down stream processing or covering of a 
layer, they may have the dramatically different height and surface characteristic from the exposed region C. 
Therefore, it is important that height measurement of these fields that are due to be exposed and that are 
not is disregarded. 

[0058]In order to measure height simultaneously at nine points (field), the linearity array of nine optical spot 
arranged at right angles to a scanning direction is used for the embodiment of a level sensor suitable now, 
for example. (It should be cautious of the ability to interpolate in order to give Z position data in which a 
board table corresponds by the array of the level sensor point that Z interferometer data also corresponds.) 
The array of this spot is sufficient size to cover the width of the widest exposure area which can be 
exposed with this equipment. 

[0059]as the central spot of this array passes along a suitable scanning mode along the intermediate cable 
of each sequence of an exposed region now, it is scanning the array of a spot in the meandering course 50 
— ; — this intermediate cable is equivalent to the intermediate cable of the slit illuminated in this exposure 
process. Thus, the made data can be connected an exposure scan and directly by the minimum 
rearrangement or calculation. Since this method scans towards the same position on the mirror 31 which 
attached Z interferometer beam to the board table at both a measuring station and an exposure station, it 
loses a part of mirror complaint side degree influence. If the sequence of a die is narrower than the array of 
the spot of a level sensor, the data obtained from the spot which is not into an exposed region thoroughly 
will be disregarded. It may be possible to adjust in other embodiments of a level sensor, so that the width of 
the array of a spot may be doubled with the width of an exposed region. 

[0060]Supposing the center line of the exposed region with a wafer has shifted in the direction more nearly 
vertical to a scanning direction than the remaining center lines, it may be advantageous to use a correction 
scanning mode. This situation is shown in drawing 1 2 and it shows that the center line of the die E of one 
line has shifted from the remaining dies D. In such a case, a map can be more nearly promptly made from 
small acceleration to a board table by scanning two meandering courses. One course shown in drawing 1 2 by 
52 covers 1 set of exposed regions D, and other courses shown by 53 cover other fields E. Of course, other 
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arrangement of an exposed region may require the further correction of a scanning mode. 
[0061] Although it is being, when it has the linearity or the linearization range to which the level sensor was 
restricted, board table WT must be scanned in the vertical position which carries in a wafer surface within 
the limits of it under it. By the closed feedback loop to the board table positioning system of reading of a 
level sensor, although it is easy, adjusting the vertical position of board table WT. in order to maintain a 
wafer surface at this linearity or linearization within the limits once it finds a wafer surface, When a level 
sensor moves on an exposed region from the exterior of a wafer at the beginning, it is not so easy to find a 
wafer surface. There are some of such ON points, the reference number 51 and an arrow show on the 
meandering course 50 of drawing 1 1 . and a problem is compounded with a meandering course. 
[0062]In order to find a wafer surface at the ON point '51, it is possible to provide a prehension spot before 
the main level sensor spot array. Next, a reflection of this prehension spot on a wafer is led to the detector 
which has a capturing range wider than the case of main spot. However, this requires the prehension spot of 
the both sides (front/after) of additional hardware:main spot, or restriction of the scan only to one direction. 
The alternative which does not necessarily require additional hardware is stopping a board table near [ an 
ON point ] each, and performing wafer prehension, and measuring a wafer surface in the linearity or the 
linearization range of a level sensor, and approximating a wafer surface position at this ON point. However, 
this makes this measurement procedure quite late, and may be a result which is not desirable from a point of 
a throughput. 

[0063]In this embodiment of this invention, after catching a wafer surface for these problems, it avoids by 
performing an above-mentioned global-area level contour scanning (process S5 of drawing 9 ). This 
global-area level contour scanning is further explained with reference to drawing 1 3 . 
[0064]For this global-area level contour scanning, as a point with sufficient convenience in the exposed 
region C to the beginning (a thing near an edge is preferred) is under a single prehension spot and main spot 
of a level sensor (spot array), a board table is arranged. For example, by scanning a board table, a wafer 
surface is found, and a board table is scanned so that the central spot 41 may next cross the surrounding 
course 60 inside the circumference of all the exposed regions, until it catches a wafer surface and comes to 
linearity [ of main spot ], or linearization within the limits. This prehension procedure is explained in detail 
below. Measurement of wafer surface height is performed in a regular position around this scan. Of course, 
the central spot can also perform measurement from these spots as well as this central spot, when other 
spots of this array hit on a wafer (exposed region). However, measurement should not be performed from a 
spot which hits out of an exposed region. When; which is the course which approaches considerably and 
follows an edge of an exposed region, and which wound, however a smoother course may also be used and 
an exposed region is well stuck for a wafer especially, the circular course 61 is enough as the global-area 
level outline course 60, and it may be convenience more, so that it may illustrate. Data of measurement 
which could allocate this global-area level outline as a circle which a rat bites and passes along a crack top, 
a rat bit in that case and did not perform measurement on a crack, or a rat blew and was performed on a 
crack is disregarded for global-area height of a wafer, and calculation of an inclination. 
[0065]The data collected by the global-area level contour scanning is used for the two purpose. The data 
relevant to wafer height near [ ON point 51 (refer to drawing 11) ] the height map creation scan which 
should be performed [ 1st ] behind. It is used in order to predict the wafer height in the ON point 51. and 

23 



during a map creation scan, in order to put a wafer surface position into linearity or linearization level sensor 
within the limits, a board table is made to be made into right height. When the most, in particular in order to 
need only few data points for the purpose but to enable prediction of wafer height exact enough by 
interpolation or extrapolation moreover, it does not need to be close to an ON point. Since this level sensor 
has an array of a spot which needs to be made all (preferably) linearity or linearization within the limits in the 
direction of X, it is also desirable to get to know the local Ry inclination in the ON point 51 to a height map 
creation scan. If a global-area level contour scanning is parallel to the direction of Y near [ which ] an ON 
point or near in parallel, Ry inclination cannot be correctly decided using the data obtained only from the 
single spot. When using the level sensor which has an array of the measurement spot estranged in the 
direction of X so that it may explain below, a local Ry inclination can be decided using the data from two or 
more spots. Of course, if a part of array comes outside an exposed region, the data from the spot in the field 
will be chosen. 

[0066]The 2nd use of global-area level contour data is deciding a global area or an average, height, and an 
inclination (circumference of biaxial) for all the wafers. This is performed by a known mathematical 
technique, for example, a least square method, in order to decide the flat surface which suits in collected 
wafer height data best. If this global-area inclination (a "wedge" is sometimes called) is larger than a 
predetermined value, this may show enough that a charger's order is not right. In that case, it can even 
perform eliminating, supposing it can take out and re-load with a wafer for a retry and continues failing. 
Using this global-area height and tilt information, in order to decide correctly the spaced relationship to the 
reference marker on a substrate stage of the alignment marker on a wafer, the precedence alignment sensor 
used at the process S10 of drawing 9 is converged. This precedence alignment sensor and process are 
indicated in detail to W098 / 39689 (P-0070). 

[0067]During a wafer map scan, the level sensor 10 provides the continuation Z and Ry feedback signal to a 
board table, and maintains the level sensor 10 in the linearity or the linearization range, if — this feedback 
loop — stopping (the level sensor 10 does not supply the number of the rights) — a table is controlled by 
following the course corresponding to a global-area wafer wedge (Z outline by the global area Rx). 
[0068]The embodiment of the level sensor 10 suitable now is shown in drawing 14 . and it explains below 
additionally with reference to drawing 14 A thru/or drawing 14 G which shows the mode of operation of this 



sensor. 



[0069]The level sensor 10 is the wafer W (or it swerves, when measuring the vertical position of a physical 
reference plane, and) about measurement beam b LS . Or the detection brunch 12 which depends on the 
vertical position of the beam generating brunch 1 1 turned on other reflectors and a wafer surface and which 
measures the position of the reflected beam is included. 

[0070]In this beam generating brunch, a measurement beam is generated with the light source 11 1, it is 
generated by that light source in luminescence, the array of a laser diode, or others, and it may be sent to 
"illuminator" 1 1 1 by an optical fiber. As for the beam which the light source 1 1 1 takes out. it is preferred 
that a wide band wavelength, for example, 600 thru/or 1050 nm. is included so that the wavelength 
dependency of the cross protection from a wafer surface may be especially averaged after some ends of 
down stream processing. The illumination-light study system 112 collects the lights of a lens and a mirror 
which may also include some suitable combination and the light source 1 1 1 gives off, and illuminates the 
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projection lattice 1 1 3 uniformly. The projection lattice 1 1 3 is shown in drawing 14 A in detail, and in order to 
make the separate spot of /each, it comprises the opening 1 13b of the addition which makes a prehension 
spot before these main detection spot arrays on the long and slender lattice 1 1 3a which may make a grid 
line parallel and may divide it into the axis, and a wafer. The cycle of this lattice may be decided in part with 
the accuracy which should measure this wafer surface position, for example, about 30 micrometers of it may 
be sufficient. Also to which axis of coordinates, to the circumference of that optic axis, it rotates slightly, 
and the grid line projected on a wafer arranges this projection lattice, and avoids interference with the 
structure on the wafer which is along x or a y direction by it so that in parallel. The projection lens 1 14 is 
telecentric system which projects the image of the projection lattice 113 on the wafer W. comprising only a 
reflected-light study element or it intrinsically so that the projection lens 1 14 may make the chromatic 
aberration of the projected image the minimum or may avoid it — desirable — ; — the projection beam of it 
is a broadband. 

It is because they cannot be easily removed or compensated with a dioptric system. 

Projection beam b us is taken in and out of the projection lens 1 14 using the folded mirrors 1 1 5 and 1 16, and 
arrangement with the sufficient convenience of the parts of this beam generating brunch is enabled. 
[0071]Projection beam b LS enters into a wafer at an angle of [ quite big / alpha ] the range of 60 degrees 
thru/or 80 degrees as opposed to a normal, and is reflected in the detection brunch 12. If the position of 
wafer surface WS moves only distance deltah to position WS* as shown in drawing 14 B. only distance 2 and 
delta h-sin (alpha) move reflective beam r' to the beam r before movement of a wafer surface. By drawing 
14_B showing the appearance of the image on a wafer surface, since; incidence angle is large, this image 
spreads at right angles to a grid line. 

[0072]Reflective beams are collected according to the detecting optical system 121, it converges on the 
detection lattice 126, and the lattice is a duplicate of the projection lattice 113 intrinsically. 
It subdivides so that it may correspond to this spot array pattern. 

The detecting optical systems 121 are the projection optical system 1 14 and the complementation directly. 
In order to make a chromatic aberration into the minimum, only a reflected-light study element or it is 
comprised intrinsically. 

Convenience may improve arrangement of parts using the folded mirrors 122 and 123 again. Between the 
detecting optical system 121 and the detection lattice 126, the linearity light polarizer 124 which polarizes 
light at 45 degrees, and the doubly refracting crystal 125 which makes a gap vertical to a grid line in a size 
equal to the lattice cycle between vertical-polarized-light ingredients horizontally [ this light ] are located, 
the beam in the detection lattice 126 in case drawing 14 C does not have this doubly refracting crystal is 
shown — ; — it is a series of light band regions and dark band regions which carry out alternation, and 45 
degrees of light band regions polarize. The doubly refracting crystal 125 is level, and changes a 
vertical-polarized-light state so that the light band region of a horizontal-polarized-light ingredient may fill 
the dark band region of a vertical-polarized-light ingredient. Therefore, as shown in drawing 14 D. although 
the illumination in the detection lattice 126 is uniform gray, it has a strip of the polarization condition which 
carries out alternation. The detection lattice 126 covers the half of one polarization condition, for example, 
a vertical light band region, and the half of other states, and drawing 14 E blockades, when the detection 
lattice 126 which depends on the vertical position of a wafer surface and which was put on this pattern is 
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shown and; wafer is in a nominal zero vertical position. 

[0073]The lights which passed the detection lattice 126 are collected according to the modulation optical 
system 127, and it converges on the detector 128. A. modulation optical system contains the polarization 
modulation equipment driven with an alternating signal with a frequency of about 50 kHz so that it may let 
two polarization conditions pass by turns. Therefore, the image which the detector 1 28 looks at carries out 
the alternation of between two states shown in drawing 14 F. The detector 128 is divided into the field of a 
large number corresponding to the array of the spot which should measure height. The output of a field with 
the detector 128 is shown in drawing 14 G. It is an alternating signal with a cycle equal to it of a modulation 
optical system. 

The amplitude of this vibration shows the alignment grade of the reflected figure of the projection lattice to 
a detection lattice top, therefore the vertical position of a wafer surface. 

As mentioned above, if a wafer surface is in a nominal zero position, the detection lattice 126 will have the 
equal intensity which intercepted the half of a vertical-polarized-light state, and the half of a 
horizontal-polarized-light state, then was measured, and the amplitude of the vibrating signal output by a 
detector area will be zero. If the vertical position of a wafer surface moves from this zero position, the 
detection lattice 126 will begin to prevent many of through and vertical-polarized-light zones for many of 
horizontal-polarized-light zones. Then, the amplitude of vibration will increase. The amplitude of this 
vibration which is a measure of the vertical position of a wafer surface is not related to a direct radiation 
form by NANOMETA in the vertical position of a wafer surface. However, by measuring the fixed height of 
the surface of a naked silicon wafer in a different vertical position of the versatility of a board table using Z 
interferometer and the unproofread level sensor 10 which proofread the amendment table or the formula, It 
can decide easily by initial setting (and if required, recalibration was carried out periodically) of this 
equipment. 

[0074]A synchronous bus is formed in order to guarantee having performed measurement of the level 
sensor and Z interferometer simultaneously. This synchronous bus tells the clock signal of the very stable 
frequency which the master clock of this equipment generated. Both a level sensor and Z interferometer are 
connected to this synchronous bus, and the sampling point of those detectors is decided using the clock 
signal from this bus. 

[0075]As the prehension spot 1 1 3b which passed the projection lattice 1 1 3 passes along a detection lattice 
and it shows drawing 15 A there, two 131 and 133 are set up highly and one 132 enters into three different 
detection areas set up low. The output from this low detection area is lengthened from a height detection 
field to an output. When a wafer surface is in a zero position, these prehension spot detector areas are 
allocated so that the output which the prehension spot hit high and a low detection area equally, and 
lengthened to it may be zero. When it separates from a zero position, the increase of the size of the output 
which the prehension spot hit more mostly [ one of the detection areas ] than others, and lengthened, and 
its mark show whether a wafer is too expensive or it is too low. The dependency to board table position Z Hof 
lengthens doctor output deep ]'s shown in drawing 15. This form of a detector output makes possible a zero capturing 
method quicker than the conventional servo feedback. When according to this method of having improved 
called "move-until" the wafer surface of a prehension spot detector is too high or past [ the low one ] is 
shown. Z position actuator of a board table directs to move this stage in the suitable direction, in order to 
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put this wafer surface into linearity [ of the main level sensor array ], or linearization within the limits. 
Movement of this wafer stage continues until the output of a prehension spot detector passes trigger level 
th or t„ and according to that direction, it moves it. If a trigger level is crossed, the control device of this 
equipment will be made to come out of a command to Z position actuator, and brake procedure will be begun. 
These trigger levels are set up this stage move to a zero position, or approach during the time required in 
order to apply brakes to this response time and stage movement. Then, this stage can be brought to a zero 
position under control of the more exact main level sensor spot. It is not necessary to decide these trigger 
points according to the kinetics of this stage, and to estrange them symmetrically with the surroundings of 
a null detector output. Without requiring a linear measurement system, the this "move-until" control system 
enables quick and strong zero prehension, and can use it for other situations. 

[0076]The level sensor explained above can be further optimized, in order to improve the performance. An 
improvement of the accuracy of the scanning (Y) direction can be made by suitable signal filtering, and this 
may be fitted to the specific process layer seen on the wafer processed selectively. The improvement (as 
opposed to a specific process layer) of an addition of all the directions, By changing the illumination-light 
study system 1 12 (in order to adjust the homogeneity of the illumination light on the projection lattice 113, 
and/or angular distribution), It may obtain changing the projection lattice 1 13 or by adjusting a detection 
system (the size, the position and/or the angular resolution, and the number of detectors of a detector). 
[0077]The form of the reliance sensors 20a and 20b suitable now is shown in drawing 16 and drawing 1 7 . 
The beam generating brunch 21 contains the light source 21 1 (for example, a solid-state laser diode or a 
super luminescent diode) which gives off the light of the limited bandwidth. It is convenient for it to be 
separated and located from the Measurement Division frame, and to bring the output to a desired point by 
the optical fiber 212. This light is outputted from the fiber termination machine 213, and it turns on the beam 
splitter 215 according to the collimator optical system 214. The beam splitters 215 are two parallel 
measurement beams. [External character 1] 

b c 9 1^3 b c 82 

Structure and they are converged according to the tele centric projection optical system 216, in order to 
illuminate each spot 23 on the wafer W uniformly. Since the bandwidth of the measurement beam of this 
reliance sensor is restricted, a refractility element can be used for the projection optical system 216 with 
sufficient convenience. The beams by which the detecting optical system 221 was reflected are collected, 
and it converges on the edge of the detection prism 222 located between the detectors 223 and 224 and the 
detecting optical system 221 in them. As shown in drawing 17 which is a side view of the detection prism 
222 and the detector 223, a measurement beam enters into the back of the detection prism 222, and comes 
out from the inclined planes 222a and 222b. The detector 223 is arranged so that the two detector elements 
223a and 223b may be comprised, the light which comes out from the field 222a of the detection prism 222 
may reach the detector element 223a and the light which comes out from the field 222b may reach the 
detector element 223b. The detector 224 is the same. The output of the detector elements 223a and 223b 
is evaluated and subtracted by intensity. When a wafer surface is in a zero position, these measurement 
beams turn a hit and equivalent weight of lights to the detector elements 223a and 223b symmetrically on 
the field 222a of the detection prism 222. and 222b. Next, the output which these produced the equivalent 
output, then was subtracted becomes zero. If a wafer surface moves from this zero position, the position of 
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the reflected beam will change proportionally the output which hit more mostly [ one of taking up and down 
and the fields 222a and 222b ] than others, and resulted in turning much light by each detector element, 
then was subtracted. The inclination of a wafer can be decided by comparison of the output of the detectors 
223 and 224. 

[0078]This arrangement brings about the easy and strong height and level detector which are the 2nd 
embodiment of this invention and can be used as a confirmation sensor for other uses. This confirmation 
sensor mainly means, measurement, initial setting of Z interferometer of an exposure station, and periodical, 
for example, the recalibration of a month unit. However, the confirmation sensor explained above has a 
capturing range wider than TIS used for a precise determination of the position of the focal plane of 
projection lens PL to board table WT, and a quick response. Therefore, when exchanging board tables to an 
exposure station first, the check confirmation sensor 20a can be advantageously used, in order to make a 
coarse decision of the vertical position of TIS. It connects with the best focal matching position which 
measured previously the height measured with this confirmation sensor, and it uses in order to predict the 
starting point and range for the TIS scan near the position which this best focal plane expects. This can 
make short, therefore quick the TIS scan explained above, and means improving a throughput. 
[0079]The beam splitter 215 which can be used for these confirmation sensors is shown in drawing 18 . A 
beam splitter comprises much prism of equal thickness desirable from the same glass. A basic motion 
principle is explained using the beam splitter which comprises the three prism 51, 52, and 53. As for the 
prism 51, a section is a trapezoid and the input beam 54 enters near one side of the upper surface 55. As for 
the position of the input beam 54, it hits this upper surface 55 and the one side face 56 of the 1st 45-degree 
prism 51. The 2nd prism 52 is joined by the side 56 of the 1st prism 51, the portion (this example half) of a 
request of this input beam carries out Naoiri into the 2nd prism 52, and forms the beam 57, and on the other 
hand, the remainder applies this joint so that it may reflect horizontally within the 1 st prism 51 and the beam 
58 may be formed. It hits the 2nd side 59 parallel to the 1st side 56 of the prism, and is reflected caudad, and 
the beam 58 reflected by the 1st prism 51 comes out of the undersurface of the 1st prism 51, and passes 
along the upper surface and the bottom of the 3rd prism 53 parallel to the upper surface of the 1st prism 51 . 
The 2nd side 59 may be applied if needed, in order to guarantee the total internal reflection of the beam 58. 
Internal reflection of the beam 57 included in the 2nd prism 52 is carried out by two parallel surfaces of the 
2nd prism 52 vertical to the side 56 of the 1st prism 51, and it comes out of the upper surface 55 of the 1st 
prism 51. and the parallel bottom of the 2nd prism 52. It separates and the beams 57 and 58 are outputted 
by it. although it is parallel. The separation between the beams 57 and 58 is decided by the size of the prism 
51 and 52. The prism 53 is formed in order to equate the light path length of both beams so that the beam 57 
and the image formation optical system for 58 can be made the same. Although the prism 53 also supports 
the prism 52 like a graphic display, this [ its ] may be unnecessary for a certain use. In order to improve a 
reflection of the beam 57 in the field where the prism 52 and 53 touches, it may leave a void or a suitable 
film may be provided. 

[0080]The beam splitter 50 is easy, strong, and easy to make. It brings about an output beam with equal light 
path length by parallel (as opposed to the conventional cube beam splitter bringing about a straight beam), 
this parting plane — a polarization case index — or it can do not right [ that ] and, in the case of the latter, 
a request can divide input beam intensity uniformly or unequally. 
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[0081]It is the feature of the level explained above, a reliance sensor, and other optical height sensors that 
it is insensible in the inclination of the wafer stage of the circumference of an axis vertical to the Z direction 
defined by intersection of the focal plane of the measurement spot of wafer surface WS and the level sensor 
10. This is based on the fact that these sensors cover the field of the measurement spot extrapolated to 
the focus axis of a spot, and measure height. This inclination insensible nature can be used in order to 
proofread Z interferometer and a photosensor to the more nearly mutual one in an XY plane. A similar 
procedure can be used for a confirmation sensor or other similar photosensors although the procedure for 
such composition is explained with reference to drawing 19 and a level sensor. 

[0082]It can be set up add rotation to the surroundings of the axis as which the XY plane chose the 
positioning system of the board table using Z actuator which was combined with the multiaxial 
interferometer systems in which this Z interferometer is that part, and was estranged. In order to align this 
Z interferometric measurement position with level sensor measurement spot, using this positioning system, 
it passes along this Z interferometric measurement position, and this stage is rotated to the circumference 
of an axis parallel to a Y-axis, for example. Z position of this table measured with Z interferometer does not 
continue not changing during this inclination. If a level sensor and Z interferometer are aligned correctly, a 
wafer surface position will not continue not changing, either. However, if a level sensor measuring point 
inclines toward the position which only quantity deltaX has shifted from Z interferometer position, and 
shows board table WT with an imaginary line with the figure as shown in drawing 19 . change deltaW LS will be 
produced in a level sensor output. Therefore, position gap deltaX and position gap deltaY of the direction of 
Y can be promptly decided by detecting change of the level sensor output by the inclination of the 
circumference of two desirable vertical axes which pass Z interferometer position. Then, the parameter of 
these interferometer systems or the level sensor 10 can be adjusted so that it may guarantee that this 
interferometric measurement position counters correctly with a level sensor measuring point. 
[0083]When a level sensor uses the array of measurement spot, it always should not be guaranteed that 
these spots have aligned correctly. Therefore, it can opt for a position gap of each spot of the nominal 
position about Z interferometer position using the above-mentioned technique. Next, a height map or a level 
sensor output can be amended using this information. 
[0084] 

[Work example 3]The 3rd embodiment is the same as the embodiment except for using the leveling principle 
of the 1st embodiment, then explaining below. The hardware of the 2nd embodiment and improvement which 
were explained above may also be used for this 3rd embodiment. However, the method improved for 
optimization of an exposure course is used for this 3rd embodiment. This is explained with reference to 
drawing 20 below. 

[0085]As argued above, a substrate stage is immobilization, and what is actually moved is a wafer, but it is 
well appropriate to convenience to think that an exposure slit image moves. The following explanation is 
given from this viewpoint. 

[0086] Drawing 20 shows the notation used below. Although slit image SI is separated from a wafer surface 
and drawn by drawing 20 for plainness, it should be cautious of it being guaranteeing the focal plane of the 
purpose of this optimization procedure of a slit image corresponding with a wafer surface as much as 
possible during exposure. If the surface considers the one-dimensional wafer and slit image SI which are 
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defined by w (y), moving average (temporality) focal gap MA (y) corresponding to the coordinates on this 
wafer is calculable as follows. : [Mathematical formula 2] 

x 

j * 

s 

M 

However, this integration is performed by covering the slit size s of a scanning direction, and integrand 
w(y)-[z(y+v)-vRx(y+v)] is a focusing error on the point of a certain instantaneous wafer Similarly, the move 
standard deviation to the point on a wafer can be defined as follows. :[Mathematical formula 3] 
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It is a focal gap time jitter under actual exposure of the point on a wafer. In order to make the flat surface of 
an exposure slit image, and the difference between wafers into the minimum, a definition is given as follows 
using a secondary focal gap clause. :[Mathematical formula 4] 
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MF (y) is called a move focus here. Also as follows, MF (y) can be written by the clause of MA (y) and MSD 
(y). : [Mathematical formula 5] 

MF* (y) =MA' (y) +MSD* (y) (5) 

[0087]This is optimization of an exposure course, and the minimization of a move focus covering an exposed 
region, and, unlike simple least square method optimization of the 1st embodiment that disregards time, 
therefore scanning integration, means taking both a moving average and move standard deviation into 
consideration. The formula (3) and (4) applies Ry (t) dependency, and can extend it to two dimensions easily 
by integrating with MF about X from -W/2 to +W/2. however W is the width of the slit of the direction of X. 
In order to calculate this optimization, it is convenient to use frequency domain expression. Calculation in a 
frequency domain filters high frequency change of a set point which will bring a result which produces some 
or substrate stage acceleration superfluous at all the flexibility, and is also removed so that an exposure 
course may be optimized to the performance of a board table positioning system. 

[0088]although it assumed that the optimal focus of an exposure slit image was in agreement with a flat 
surface in the upper argument — ; — this is not necessarily so — ; — in practice, the optimal focus may be 
in arbitrary fields and may produce what is called a focal plane deviation (FPD). In order to make the outline 
of the field on an exposure slit region the focal map f (x, y), supposing it is able to measure or calculate using 
TIS, the made data or the formula can be added to the upper formula so that wafer movement may be 
optimized to actual optimum top **♦*. 

[0089]It can finish with better focusing and the smoother substrate stage course over a scanning system, 

and the optimization technique of this 3rd embodiment increases a throughput and a yield 

[0090] 

[Work example 4]In the 4th embodiment, it has the additional feature for negating the error which a level 
sensor may produce by interference between the beams which were refracted into the beam and regist 
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layer which were reflected by the upper surface of the regist layer, and were reflected by the bottom by 
measurement of the wafer surface position. Otherwise, this 4th embodiment may be the same as any of the 
1st thru/or the 3rd embodiment which were explained above they are. 

[0091]Of course, interference of the beam reflected from the above-mentioned upper surface and the 
bottom depends for the optical wavelength and the incidence angle of a measurement beam on resist 
characteristics and the wafer surface characteristic greatly. In order that the source of wide band light and 
a detector may average such single wavelength interference, it is used now. If it measures by the method 
which carried out spectral resolution of the wafer surface position and it performs separate measurement to 
much wavelength of a broadband measurement beam, an improvement of this equalization principle is 
realizable. In order to attain this, it is required to make the wavelength (color) system divided into 
measurement of the wafer surface position in time or spatially. This needs the following change for the 
measurement principle of a level sensor. 

[0092]The 1st possible change to a level sensor is being able to generate selectively and replacing the 
optical beam of a wavelength range (color) which is different in the source of continuation wide band light. 
This by making a light filter (for example, on a carousel) which is different at the suitable point of the lighting 
system of a level sensor, for example intervene selectively, By using some independently selectable light 
sources, it can attain using the light source which can adjust wavelength, or by using the beam portion 
chosen from rotation/oscillating prism in a small broadband beam. Next, the light of the wavelength from 
which a measurement beam differs is used using this level sensor, and measurement of some of wafer 
surfaces is performed on each point. 

[0093]Another selection is being able to detect selectively the light of a wavelength range (color) which is 
different in a wideband detection machine, and replacing it. This, for example by arranging a light filter to the 
detecting optical system in front of a detector, It can attain by dividing a measurement beam into different 
wavelength spatially using prism, and detecting the beam of this different wavelength with a separate 
detector, or the method of others which analyze a broadband reflective beam by a spectrum in order to 
measure a wafer surface position. 

[0094]lt is also possible for combination approach to be used and for it to be made to carry out spectral 
resolution of both a projection system and the detection system by it naturally. 

[0095]If there is no cross protection and the result which should come out of and carry out the result with 
each same measurement (as opposed to each wavelength), and is different by;, therefore such measurement 
will be obtained, this shows existence of an effect which was touched in the paragraph of the upper 
beginning. Then, the improved wafer surface position measurement can be drawn using various techniques. 
For example, a consistent result may be amended or canceled. The technique of majority vote may also be 
used. Instead, based on the spectrometry of a wafer surface position, a actual position is derived and it is 
easy to be clear with the model which describes the spectral response of a resist and the wafer surface 
characteristic. 

[0096]Since the described cross protection depends also on the incidence angle of the measurement beam 
on a wafer surface, it may want to evaluate this effect, and to also change this incidence angle so that it 
may subsequently be amended. Therefore, the further possible change to a level sensor is enabling it to 
perform it using a measurement beam by the incidence angle from which a wafer surface position differs. 
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Although one method of attaining this is the same spot on a wafer, it is forming the multiplex measurement 
beam which has a different incidence angle to separate projection and detecting optical system. Instead, an 
optical system is changeable so that the same projection and detection system may include a different optic 
axis related to various measurement beams. Another selection which makes the incidence angle changed in 
time is using rotation/advancing-side-by-side folded mirror (or other moving parts) for the optical system 
of a level sensor. 

[0097]If there is no cross protection, the result with the same measurement by a different incidence angle 
should be come out of and made to be the same as that of the wavelength dependency explained above. 
Therefore, if there is inconsistency (change by an incidence angle), it avoids and compensates or a model 
can be made by the same method. 

[0098]Of course, the above-mentioned additional feature and an improvement may be independently used 

for the photo sensor except having explained here together. 

[0099] 

[Work example 5]The 5th embodiment of this invention is shown in drawing 21 . The 5th embodiment of this 
invention is extreme ultraviolet rays (EUV) of the wavelength of the range of 9 thru/or 16 nm, and a 
lithography device which uses reflexibility mask MA' as exposure radiation, for example. At least, functionally, 
although the parts of this 5th embodiment are generally the same as the thing of the 1st embodiment, it is 
made for them to suit the exposure radiation wavelength to be used, and those arrangement is adjusted so 
that it may be adapted for the beam course needed by use of a reflexibility mask, it is Lighting Sub-Division 
and projection optical system IL\ and to optimize PL* on the wavelength of exposure radiation among special 
adaptation which may be necessity — ; — this is accompanied by generally using the optical element of the 
reflexibility instead of refractility. The example of illumination-light study system IL' used for an EUV 
radiation line is indicated to the European Patent application 00300784th and No. 6 (P-0129). 
[0100]An important difference between a lithography device using a reflexibility mask and a thing using a 
penetrable mask is that the degree of complaint side of a mask becomes a position error on a wafer which 
increases according to a downstream optical system, i.e.. light path length of projection lens PL', with a 
reflexibility mask. This is because height and/or slope deviation of a mask change locally an effective 
incidence angle of an illumination beam on a mask, therefore an XY position of an image form on a wafer is 
changed. 

[0101]According to the 5th embodiment of this invention, influence of the degree of complaint side of a 
mask makes a height map of a mask in advance of exposure, and is avoided or reduced by controlling at 
least one mask position of Z. Rx, and Ry during exposure/Although this height map can be made by a 
method (namely, off-axis leveling of a mask in a measuring station) similar to having explained above.;, 
however it may be made from a mask of an exposure station, and it may abolish the necessity of relating a 
height map with a physical reference surface. Although calculation of an optimal position of a mask under 
exposure or exposure scan (exposure course) may be equivalent to having explained above, it may combine 
it with optimization of a wafer and a mask exposure course. However, it may be more advantageous to put 
weight on the optimizing calculation, since slope deviation has big influence in a position in a wafer to a mask. 
[0102]The lithography projection apparatus by this invention should also note clearly that two board tables 
(above) and/or two mask tables (above) may be included. In such a scenario, the 1st substrate on the 1st 
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board table receives height map creation in a measuring station, on the other hand, the 2nd substrate on the 
2nd board table receives exposure simultaneously at an exposure station, and. in the case of; and two or 
more mask tables, same thing is possible. Such composition can enlarge a throughput dramatically. 
[0103]This invention should note clearly that only substrate leveling is also applicable to combination of 
Masclet belling or substrate leveling, and Masclet belling. 

[0104]Although a specific embodiment of this invention was described above, probably, it turns out that it 
may carry out with having explained this invention and an option. It does not mean that this explanation 
limits this invention. 
[Brief Description of the Drawings] 

[Drawing 1]The lithography projection apparatus by the 1 st embodiment of this invention is shown. 
[Drawing 2]It is a figure showing how to decide wafer height from measurement by the level sensor and Z 
interferometer. 

[Drawing 3]It is a figure showing various processes of the off-axis leveling procedure by this invention. 
[Drawing 4]It is a figure showing various processes of the off-axis leveling procedure by this invention. 
[Drawing 5]It is a figure showing various processes of the off-axis leveling procedure by this invention. 
[Drawing 6]It is a figure showing various processes of the off-axis leveling procedure by this invention. 
[Drawing 7] It is a top view of the board table showing the sensor and standard which are used in the off-axis 
leveling procedure by this invention. 

[Drawing 8] It is a side view of the exposure station of the 2nd embodiment of this invention, and a measuring 
station. 

[Drawing 9]It is a flow chart showing various processes of the measurements process carried out at the 
measurement appearance station of the 2nd embodiment of this invention. 

[Drawing 10]It is a flow chart showing various processes of the exposure process carried out at the 
exposure station of the 2nd embodiment of this invention. 

[Drawing 11 ]»t is a diagram showing the scanning pattern which can be used in order to measure the height 
map of this invention. 

[Drawing 1 2] lt is a diagram showing the alternative scanning pattern which can be used in order to measure 
the height map of this invention. 

[Drawing 13] It is a global-area level outline process-line figure of the 2nd embodiment of this invention. 
[Drawing 14] The structure of the embodiment of the level sensor which can be used for this invention 
suitable now is shown. 

[Drawing 14 A] The projection lattice of the level sensor which can be used for this invention is shown in 
detail. 

[Drawing 14 B] The mode of the level sensor which can be used for this invention of operation is shown. 
[Drawing 14 Cj The mode of the detection lattice of the level sensor which can be used for this invention of 
operation is shown. 

[Drawing 14 D] The mode of the detection lattice of the level sensor which can be used for this invention of 
operation is shown. 

[Drawing 14 E] The mode of the detection lattice of the level sensor which can be used for this invention of 
operation is shown. 
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[ Drawing 14 F] The mode of the detector of the level sensor which can be used for this invention of 
operation is shown. 

[Drawing 14 G] The output of the detector of the level sensor which can be used for this invention is shown. 
[Drawing 15] It is a graph which shows the detector output versus board table position of the prehension 
spot of the level sensor of drawing 14 . 

[Drawing 15 A] It is a diagram showing the detector portion for a prehension spot of the level sensor of 
drawing 14 . 

[Drawing 16]It is a diagram showing the embodiment of the reliance sensor which can be used for the 2nd 
embodiment of this invention suitable now. 

[Drawing 17]It is a diagram showing the embodiment of the reliance sensor which can be used for the 2nd 
embodiment of this invention suitable now. 

[Drawing 18]It is a diagram of the beam splitter which can be used for drawing 16 and the reliance sensor of 
drawing 1 7 . 

[Drawing 1 9] It is a diagram used in order to explain Z interferometer calibration procedure which can be 
used for the embodiment of this invention. 

[Drawing 20] It is a diagram showing the notation used when explaining the exposure route optimization 
procedure by the 3rd embodiment of this invention. 

[Drawing 21] The lithography projection apparatus by the 5th embodiment of this invention is shown. 
[Explanations of letters or numerals] 
C Target portion 
CO Capacitor 

Ex Beam formed optical element 
IF Position detecting means 
IL' . illumination-light study system 
IN Integrator 

Line source 
MA Mask 

MA' reflexibility mask 
MT Mask table 
PB projection beam 
PL projection system 
PL' projection system 
W Substrate 
WT board table 
10 Level sensor 

20a The 1st position detecting system 
20b The 2nd position detecting system 
1 1 1 Radiation source 

1 1 3 Projection lattice 

114 Projection optical system 
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121 Detecting optical system 
1 26 Detection lattice 
128 Detector 
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Xt-2* (2 0 a) ^tt§KXr->3y ; t5<fcQ*C 
O^X*0«BWI*»«'*CO«S«pB«a!5J> (C) ±K 
^-TS/tfecoS^^XxA (PL) *3J;D*±I3S5 21% 

<035 2{iigJ$m>'X7-A (2 0 b) 4ft5SttlXf- 
^>3> ; ±13111 2l%i*:x— (W) ^riaitSX 
a : ±f3ifJSX-r-->3 ±!3«ffi*®±coiti£<D 

±.mmfa<Dmm\cnm.mcmw.*m 1 ^riftit^ 

3{4B*5<J;C>*(Rl^(c±g3Sl 2 %foT—7)\><J)$LWik±Xl 

tEgmcom 1 iti^v-y y^^sii ; ±t3swx^— ~> 

a >Z\ ±I3a««ffi±©±H3«»co^co±l33l 1 Ttlfi] 
(C^t^ffigfecfc D*(Rl«Ft±H3Sf 2 m^-y^conLS. 
tt±mm 2 jSIiffli/XfASffio TSiJ^-r -5 C i:fc J; 
■3T±I3S«co3f2ii5$v-y^#§xa : MQ'fc±f3 

si 1 fc'*o : si2tes^ai->xxA*^iE-r3^4t)ic±iB 

mifcJ:tJ : ff2SSv-yy^J:btJ-r3xa; *#tf73 

itmm 2 4 ] wToffli^tts u v ^"5 7 s» 

(MA) ^^f-5/j:46cDVX<7*;U^(l^§m 1 % 

(mt) :s« (w) *&m?%rctb<omfa 

31 2 co, ojgj^f— y;U (WT) ; 

(C) ±tC*£ffhr&fc46cDtgIJv'XxA (PL) ;±S3 



1 1 »ftf-7;KL-'^->*iJ$t5vXi' (MA) 

w-rsa* (w> zmfzxm : ^[fcovx^ci 
m ; 

r&.MM<Dmg}¥-i> (pb) *{Ri^*fci&©jtt»Hh> 

XxA (LA, I L ' ) .S*fttvx^ (MA' ) *U 

-7~)\> (MT) (W) ^r«Jff -5 fc*co»«>t>;U 

HI2cD, (WT) ; fcjctfc 

<OTX^CDMS9*fgP«-*C(DSS©Bfi?g|5^ (C) ±{c 

ssft-rs/ctoo^v'x^A (pl* ) ; &-3tsm&m 

[I*5R^ 2 6 ] J-XT<0^^:^-r 3 'J y^77^ 

<D&§5lf-A (PB) *«l&f *fe»OJMtttJ'XxA 
(LA, I L' ) ;S*f14vX^ (M A ' ) ^{SJf-TS 

(MT) ; Sffi (W) *ft&l-«fca&osiE*;i/jr*fl| 
xsiz^f-^ (wt) iwcfcov^^oi 
bb»«#*c©«*©b«*«. (c) ±K*g«-r*fc» 

©SKs^-rA (PL* ) ; ±fefg l Mf-7;Hc^ 
*->*ffl«f-r*s»ttvx* (MA' ) *BW-*x 

(W) SrKttSXg ; fe*0 : C(DTXi'«D±fS»M*fgP 
C ©S1£cO±§E g «g|5#_h tcifa^t- 3 X8*-&i? 
j£fcS*</">T : ±fE^#XS©MO, c<Dvx^gffi±c7) 

ws*^-rjfifsvy r*f^sxe ; is«ktf±gBis« 

*RBLT, < t i>±mm 1 73ls»cf4Bjfc«>-r*X 
[0001] 
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^w*5<fco : u-<>;^^cBg-rSo mmL<& > cow 
-A*«*g-r «fci&©j»*raih>*T-i» ; 

ffl« , ±tctt«-r*fci&oaiB«>X7 l A ; *J«fctf±lES!2 
±i2*ai^X^A#±Evx^g|$#;g- 

[0 0 0 2] 

[fit3l?©8fl5] fS^.co/c46(c x C©tSfg:>-X-rA£\ 

a "l»x" tt*xfrt>tati&w. commit, mx 

t±\ HSHtJtt^*^, KWttJtt*!*?, E^ffiMttft^ 

^^x^A^s#-rs<fe^tc^<^-r^#T'S5 0 c 
©»*f *a ->xfAt,<:n6 (Dmm<D{5!ti mcu-o twlm 

A*»faU /S«L$fc«IMtt-r*fc«>fc: 

±, C©?St 1 43£tffg2<l$!rt*-r— TVl^ ^ft^n, 

<fcv\, at, co'jyy77^S(i, "otLLcovx 

•TSSJ^tcOT't J; ^CDJ;3^: "^15" gl? 
«, iiioof— 7 p ;l/*M5«jK:ffioT'E)J:<, 
xa*-OJW±©-r-^l/T-HSfSL, — 3W±<0 

fl&Of 1 — ^l/^Bttfflfctto T <fe V>o 
[00 0 3] UV^77^ 09* (i\ 

ss (i o oiiiicffi^ctms. ^ecoj;^^* 
'\) cD^aiffl« (^) ifcuam-i-scfc*'-?**,, - 

^ U-^ ^ ^ - ^ ± {c — S tt3 f 5 C t lc J: 
^TSWaitL ; 5 ftSB^Mii^i^X-r 

•j//^nf^ 0 giix^-yT" • T> K • X++>^Bi:>¥ 

^■^.e»nfcS^7?fpI ( "^S" 7J|q|) JCJIS^SL, - 

73, — fiswtc, cofi^i'XfAAifM c-mmc< 

^x^x-^l/^rC£073(pI{i: :s PfT$/c:{±iS I Fff(c 



(5) 



it. mwr, mamvfmmvio 97/3320 5*>e.nx 
[0004] aflBs$T», yy^^^ata, v 

*9 7-7 tl/**XS*-WB.7---7 frit-Shit, Lfr 
9 8/2 8 6 6 5fcWW0 9 8/4 0 7 9 1 JCfE«c£ 

rate, ^zssr-^wgMi'Niaft, umL. 

*^7-T5i:-r<% CcQj&rL^gffi^&f^XxAOT 

(omiiitiLm^&m-tzrcitoicmmL ; ktcw^ 

* 5 C i: S-Sflrt^T-ifcSo 
[0 0 0 5] COjWSffiH-caWlCfir^jfflStt, ffl* 

IT « L TiESI* X *5 <fc Xf Y * 

fr3fci&fcBttHftBT?fi!/II*-«c fctfttiX ; M&-5fit?B 
fcOt>T«, WO 9 9/3 2 9 4 0 (P-0 0 a 

7 9) #!$ 0 C<DIHSffl*rH:, M4<D&T»<D, Mfc^M 
OZfiiS«rS«*;l/^0#Mffifc*fLT, l»jg<*-e?i&;* 

Btt, S^{iBT*ZTi$fHcJ:-=>T;£a6, StBGtBT' 
[0 0 0 6] 

[0 0 0 7] 

£ 5 i f&rtfc-r— ; atg*^-r«fc 



1tM 2000-3234 



±fE&il^>XxAtf±IEVX*gB#*±faeiS±K 

a vtcffiBU ±fE««*;l/^±K0jM$2nfcS«©S 

<4IU ±IEM2%{*^-^";b*r±faiStt}X7 L ->'3 y 
'MtofrLTfrS, ±fE^Sft#f«i®<D±fS»£3s®fc:|| 

BMJE^a ; tttf K:±EB«8Mi'©»fti«f »«:, ±fBB52 
V -y r*3«fc tf ±EfflB W^at * ~> XWS. L fc±fEfi£ 
BtetEoT, 4>*<fct>±eai#iSHc:»tt«±K«2 
^f*7 L -y;l/©t££B**iJfflit-««fc^»cfi}fi!tj3j:a : gEg9:S 

[0008] *«woH**i»tiite«j:ntf, tt#Mt<D& 

§5 tf- A 5ftto<Dj»*M->XxA ; vx^S 

x^— > 3 >r-c a«gp^±{c^-r ^ /-cto© 

I'XcOlSjji^feT'feoT : ±IB3S 1 mWy—^Mz/^ 

C CDTX * ©±e»S8#«Hfr* C <D£«CQ±3EB<ia5# 
bijcO, rLtomimWr— 7/W«^f- v'gytfe^ 

V\»frU ±IE%SW#B8ffi<DJilES«aEtcllM^ 
tcSja*3f l 7jlRjtc^t«{fiB«rffiiJ^t-SIS ; Mmc 
±iB*S«RXS<^{C, cco3f 2^i*-?-7 r ;^ ±IEiSI^ 
v -y ^fe «fe ±IE^SW#MB<0±fE3l l 73 ISUCW^ L 
fe±fE(4B*#^ t T, < fe±E» l 7j iRjfcfflB 

[0 0 0 9] 

^B^^UIiiyD-trXTfi, TX^CD/^^— >^r, '> 
S«tt, T^O, Ui^Xh^*jJ;t;V7H^ 

a. mmt, mx.it, mttiik^-? (peb) . mm. 



-YX, 0J*tf I C<Offl^roD@«r^^— >it?Z>fz&b<D& 
tc, x**->2f, -f^VftA (K-tf>^) , &S{t£Q 

Affile J; oT5^fr£#giU *<1^6fl^O 

ft, 1997^, ISBN0-07-067250-43BrH«O*1»*^f#SC 
[0 0 10] cfcSSfi* I CcOia 

^*r«* 0 mar, *n*afli*¥]K. a&E^uffl 

RW«ffi^*->, »»7 f -f X^U— /^;l/ f »§f®^ 

aw*" tbm ^ns s^f tfes c 

[0011] *Wft'(i, "ttWH" *5«fctf "if- 
A" £(,>?fflg§£<$oT, Rftffi (ffjittf, 3 6 5 n 
m, 2 4 8 nm, 1 9 3 n m, 1 5 7 n mSfctt 1 2 6 
nm©»») % CK^It (EUV) , X«|, WF*5<fctf 

L, I ^fRjJcTftftttiaOolHUgftR i TSto Mtc. 

"sa:" cz) tv^fflHtt, cflD«noffln*w^o 

[0 0 12] 

[^ss^ji] wTte*atwj3<ttfaBf*o«*H*#aaL 

PB^t^/ci6(0MI9^XfALA, Ex, I 

n, co; 

»tettBi*«)-r*fc»<oJB i ffiBSt»¥«fcig-&*nfc 
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10 

*tP LtcMLTIE^tcffiB^46"r^/'c46co^2ffigi^a6 
■r— WT a ; 

tf P L*clBLTiE«teffiB»a6^*ft*0»3ffiB*«) 
T" WT b ; 

• «KXf— >a >TSfif-7;l/WT a SftliWT 
b±tc{£#£nfcgffi±«J£ («Ftt«s0 T/n-fex* 

• >Tlffif-7^WT aSftliWT 

x * m a ottffiMffi^««s«*r sfcfe©a»i/xfi. 
— ) ; *^ts 0 

[0 0 1 3] CClCTn-f&olc, C(0Sl(i N iSia^T 

*nM\ «*ar, strata t>j:^o 

[0 0 14] CCOjaftMS^X-rAtt, ttl«8<Dlf-A* 
(^ilLA (08*. fc^ 7KSS^>7 P , x^nf^U- 

Sfctt* : fgb<«4-f*>'i;— 1±M) c<0tf— 

6itf3>f>*CO- fcaiLTm*fclf— APBtf 

[0 0 15] COlf— APBtt, i^T7X^f-7;b 
MT±0^**;I/jT|cR«fSnTt^7X>MA** 

W«WC±fclMl'r*. =F»W-*ffi4BJ:tfWje^Si F 
^fct, Sffif-7;bWTa, WT b*ag2*3cfctf^ 
3ffiB»«>#afc:j:oTiEBIfc:lft<p-rc: h^r*#, f^ijx. 
tf, S^r^^tJbtBlUcC^lf-AP BC0S£Sf^!tcEB*r 
mififi}5t«>#IS^:ffioT, W*HT, ?X 

6, CcO^X^MA^tf-AP BCOeS^tc^LTIEfittc 

WTa, WTbtD»ift«, Hli:ttot!)tt^4^ 

SXhD-^a-^ (ffl(ttBi*«)) fe<feCf)SX 

hP-^fya-^ CfltimffiBftA) *«oTHSt 
^ 0 i)i;>^fy/Wtt (Xf77- r> F • X4^ 



(7) 
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coo i 6] £<Dm2ts£um3is.m&iiit>^mz. *n 

AP LcDT©&WXx-^3>:fc£OTtv'XxAMS 

<nT<omi£X7—-> a ><Dffij5%-3tsmmicm-oTtiLm 

2 cfc US 3 ffiffi*i6¥l3£, »«^-^U?r^n€n 

f—i/a >t5*Tfmi£X?—i/a yttia5»->Xf AM 10 
tft;: c n^coSS^— 7yi/£-o©ffiK&46s/x-r acq 

8/2 8 6 6 5 jo«kO*WO 9 8/4 0 7 9 1 lcm&2tl 

Tl^*. Uvy57-f^H(i, ^mmmxv—^a>^ 
<fc tf / S tt#©«ij£x x- f 3 > «r*r L T *> £ t, > <I 

MmcPJ^Xf— : XD&iimtiiXT— i/a><0 
&t>mwzm%-oTt>£<. Xf-: > 3 

5o SttJi3«fct>*iiJ^X5 i -: 'sa>%m%t-rzm 20 

[0 0 1 7] 0,Trf Sggti, -ocogfcS^-KT*® 
ffltSCt^ftS : 1. Xf-y y - T> K • V If— 

SIRx-TVI/M T £ X S Ac {4 Y ^IrHC&Ki L TSfc -5 B 

mmw c * tr- a p b k j: o trm* t?t 5 j: 5 k l : 
2. XT-yf- yyv • x**>- G£g) ^e-K-p 

«, -^^.5>n/cStHffll^C^— "77r>a" -CSW 30 

(.mm 73(6), m«\ Y73iPj) icmmwmz 

ifTs S^tT-AP B{CVX^Bi^±^g^^ ; Jg-ft 
tmc, m&T— a$fc«WT b^lCifcli 

SW73[pHi:V=Mv©31tf[T-|B)^fCl6^-ro fib, Mfi 
U>XPL©flM« OKSOTlctt. M=l/4$fc«l/ 

So 40 

coo 1 8] uv^^^imotsftafticiHn-sa 

•So mmat, SKS^X^AP L<D^ffiO(fiH*3HS 
*"3fca&©«5H#K&*u ^•©^X^AO^iSa*^ 
v><dt, cnii, ?x^ (stg) <ontUffl«(««yg<>x 
7-AP L©^£BfcIE^cffigL&tfn^&&^C,fc 



©> ^x/Yg®(D^£¥fl5JKfr<=><DigJ8i ( "^T®S" 

r^ucj^r^-r sfrt>sm&t,\, ftoaaaieicfcs 

«ifi^eo#afe>i;x/ACOig;^ (TffiS) O^Wf 

x/NCO±®(75iii$rctt^^So ttKL4^ii*fc:(±, 
JiTRcfft-TS "^x^ffi" ^Oifcvxi'jii^^r 
Sfg-TS, ^x^©±®^rfg-r 0 
COO 1 9] C^B^C fI/N*Sfif-^ 

Wefer 'cET V "J £ Q C<D~f 

»i-b^"9-*ffiorco«ifflw#8affi<oaia cz) fig 

MmcS2t>^ WAtfZTMH-, ^ffioTcl<OS« 
■r- >^;l/(7)SB[{firg N ZiF*rau^1»RIWi:9JS-r*c 
i:tc<fc^TfT-5o 02tc^-rj:^tc, Vn^mWMZ 

Its Zwefer = Z LS - Z IF ^ LTj^^f ^tC, CCD 

^UB6*#B8LTMK:»b<«W«-*o 
C0 0 2 0] m3lC7jk*?&ol^ m%]lc&foy L -7;l> 

tt, Sffi^— ^;l/±cox, YfecfctfZffig^C^D'jyy 

W#S3ffi(i. 4 , tCfllTiSSiiS-t'^— ->"-tr>t^ (T I s) 
5. 1 9 1. 2 00^ (P-00 39) ^(O^VMj^ 

[0022] u^iz-tr^-y-L s»CcfcSfSiaw#fiaffios 



13 

l£. WO9 9/28 7 90 (P-00 7 7) SftfiWO 
PP/3 29 40 (P-0 0 7 9) fc|B«?tlTV^ J: 
?ft, 3, 5$fc{i6IST^ti-iCtf-aiJv'X^AcD-g|5T? 

fug* X Y ¥IT* U"-OH; >+>• L S <D8tfE Lfcfflij56{4« 

^WTcoro(OW(R]-r5<|ijofiii:{ig 

^TtiK Cftti, ^iAf-7;WXY»f,|8 

C0O2 3] c©7ntx^ C<D$lM#n> 

Co o 2 4] — -o\^±<omm^mM<omm^mtws. 

MW-ffi (HP*, *W£d) KHLTl^ffiflUlf£«ti$ 
•T3#, 'J^V>S5g{cg oTT .$,§ o ^£0J:?ft-t:;y+>- 

?ia<DT^stzfii^i!m-r<D*wfP-&T-fes 0 %i 

<V^m¥micMLTZT&at*-gnlc-£t>i£% 0 £<D® 
f&tttf. Zwefer iS £ T :7°;£\ $iJ^X^— :> 3 >TC0 

(cf^So ^<0±, C<Dig£ v-v^U^^-fey+KOHf n 
[0 0 2 5] l34tC^t"J;'5tc, — 3.£<D^M¥-W%:V£ 

x y mmtt-m icm m b ic n. x ft v wic mm l t & j: 



(8) 2 0 0 0 - 3 2 3 4 0 4 

h S ft « i* £ fficD r u- (ttiuc ffl& \z-yts&tf/ 
[0 0 2 6] **"T-y^j«3t*itJoa|RT— 

l s tmmtm am&ievr*mw 

t««»c mm? 5 , £ ft fiHHBfcT? £ 5 iUSSBHtffr ft 
9l£<^U^;l/*Vtf*tt$©tf#geLv\, ^©J: 5 ft$J 

^±*e.o#^s^-T5 0 ^cfe^ft-fe^fc^n^ 

a ho-^s^-^Pto^fc.fcoTT-fift^ -tr>-9- 

[00 2 7] ^{C, ^x^^— ^^rStilX^— : >/a> 
'NlS^L, 0 5 tc^-T J: ^ (c, CCD 

^-^-tr>-9-«, Jg^l^>X£DT<Dvx^A>P,e^L/c 
SCttfttl*. i3J:tf»>x/>ffi*«aH(R J jSfc«o, 3^ 

jgO^Jc^-rsz, R xfeJ;t/R yS^^ftSffSC 
to tT**§„ cne>O^S> >)i/\777't- ^i:IS 
ttiXU y h«©*RjSffiOIBloa*«/jN|c , j-*J:'5fc:«/jN 

XU -y h^t'J'XMCOffl^aKl^XU -v hWmmVx./^ 

0«/J^g*»^«, S^FBBtt^U -^OSOS/NI^: 
(t) , Rx (t) *3<fcD*Ry (t) cOfl^M 

[0 0 2 8] 
[ISl] 



(9) 
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[I] 



fSU w (x. y) tt^XAiftSv^^S?), IffiX 

(t) 6*tfRy (t) tc^T^enSo cn^co 

6*<Y = yo+v t tCfcoTfig^ttenTl/^^&T 

flLyoi4Wttj£l"C*t>* v«^«iSan?fc5 0 
[0 0 2 9] ±fe<D£?tc, 

§y^*~^-fe>t>- ( T i s) *BB*«»SHr\ 
mUfCTj^t ziooirv^T I S 1 fecfctfT i s 
2*. S«r— :/;!/ (WT, WTa, 3*fcteWTb) e£ 

fiEW^a-irXTffi-iv— jr*ffl»LTt cfeW T I S 1 

*#-r*T I S©/^->T I S-MO«*£Hk:«!K 
< 14 2 43«fctfSBlC^SEU T I SOKP^C so 

£o T I SBBPA^T I S/W->0*Ofl • BgSP*iiig 

*o«(ia:affca**<«*r**sitL/^i/tt, t i s 

U iSotlIM(DfB5:^t 0 CcoacDT I S<Dm 
14, 3Ra^rF^4, 5 4 0. 2 7 7f Kl*«lcBitE 
*SftTV* 0 T I SOftOfc, #H«pttai5, 1 4 
4. 3 6 3^cfE«c^nTV^cJ;^*S*t-r^— >4r> 
* (R I S) WoTi^o 40 
[0 0 3 0] »IW#IIfcbTT I Seoaffi*«3c 

[0 0 3 1 ] COT I SJtffite, ftf*P«»C#Hav— so 



<fc</\> ^^^ftSJIJ^XfAtt EP-0. 
4 6 7, 4 4 5 A (P-0 0 3 2) fcEiStiT^o 

^stc^nTfe^v^ z<D&r>ttm&, WAtf, ep 

-0906590A (P-00 7 0) fcffi*BSftTl^ 
[0 0 3 2] £S7n-feXT», Xf7/«7>K - U tf 

Tttft<, X Yfim OOSWcIoTtttf 5 C i 

SBffiH/£frtT^<, WXWtfYHIIOOHt (R 
x, Ry) tMSU-rSC^tC^^TJi^cT^So icH-r 

OgjgZ, R xfe«fetfRy»«jS«^«)fH|[Tf#« 0 C 

s®z, RxfectifRyMi, etfiioa^oa^w 

(t) *«/Nc"r5C fc*cJ:oTtWLTt>cJ:l/\> 

[0 0 3 3] Hasfijjswx-ryy • rvK • 

<oz. Rxfej:a ? Ry»^j«*fmt-r*ci:^Rrte"r* 

tf, xji—~x^ h*mL, £rz&m£L<%\,^mw}*m 
fi-r a ^ tarn*: v >SMo3i« s /c ^mmmm^m^c 
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[0 0 3 4] *«Wt±, ^-Z-ZtltzmmicftLXV^^ 
£Z, R xfe«fcQFR ycsafitSfcBBB-rsct^ScH 

<aB"*-cfc#a*.5. tu ^WLfc^ 

&A< C <D ?X7 \±o— o $ fctiBfrft ^/ W X £ LA^ 
* * t ^MT? * * BtB tf f C K J: o T X/l/ - y y 

[oo3 5] aj«x#-y h®iii<Dm%;zmmz. &itz 

*MA, MS D*/cti^g|^{co^TfT^Ci;tT'lr 
S 0 SS^S/'ctt^x/NA^igstliigSSSfcfi^-r 
n^5*-£fr?>;*;#<yi.ns<t€f, Mx^hti 

[00 3 6] itca^fcHWrtt, ^T^x/^igtb^-5 

mitfio cnso^ffif, m&xtfvb 

[0 0 3 7] 

«S6^J2] *SfllI©»2ISa0<l*B8fcjRU ^tlfi 
W-r«»S3ifii:«K:fijffl-r*. so 



[0 0 3 8] ia8©S<DaWXT— ~>a>{C, ftMyis 
-AMFteBttW-fc«BU>XP Ltfvx^MA±©T 
I S^-#T I S-M<Dft«r, ^i/\f- ^I/WHClK 

At*, c©i6Bc»ffe©ai5a*^<oigsitDeji^6Pa 

SI L, BBt|-ft£ J: CfB?U4ft*]lcB3 SKWBflJStt* 
^^fcfcBT*. ca&Bt>Bt>ttlB&Bj££?<D?|: 

tttf^gflffitcfi, 55 — 3 4t5£U3 5tf$>»), ^-n 

3 1KJ:oTZT*W©SIJ£i:-AZif*W<. StS^- 
-y>l<D Z ffiB^r^O X ©SI&fEHfcHo TifJ^T* t 3 
5-7-3 4, 3 5&, »)BLt 

$imcm-oTm7£T>zz>c£%:um-t5rc&bic, 55— 

3 1 «, ^iAf-7"^O415'*M--r5 0 wot)- 

my is— AMFtc^it^nrv^wfi, ktepl< 

gBiK2 1 a, 2 2 aT'SS, 
[0 0 3 9] SiJ^Xx— > 3 > (H8f© T\ I^Cit 
Sl7t/-AMF^ attlX^-^a >©55-3 4, 3 
5 i:[B!C^^rS-r5 5-3 3*J*l>*3 2*S^t, 5 
5—3 2, 3 3 fc, &fcT— ^/l/WTCQi&g&aiWEB 
£*fJS-rs/ca6(c, SttXf-> 3 yi:i<Mi;, X?j 

2£r#£y, U^Ot/-fe;/tn 0 fcfN»J:7U— A 
MF±(C^^e.tlTt/>S 0 ^©_k, ^KtttcaUiXT- 
—>a>commiz>yzo a £RC<!sBRr>-9-2 0 b£r 

[0040] _htii^L/c=fc-5ic, Vamwi&mM (ceo 

^ C tit. ^x-'NilE^vy^^ji/NX-r— ^(CBB# 
^n^-o©ZT»W-»-t?a{iB, *5J:t>\Jb£^x 

B* v -y y^rffiiJ^Xx- a >t? Z T*$ff-£teo Ttt 

mnx YHLm<Dm$H£ lt<o^ s^om^^xms^ 

>SB»cEBr*IIIBKB»-«-*Ci:^»S 0 *fgH^T-ffi 
ffl-T § ®«co^F j$ft X r- A T*<D C n 5) CD^®J0D±H 
5 5-3 2, 3 3, 3 4, 3 5 0^fIST';fe5„ 
4 5° 55-3 Hi, ^iat- ^WTtc^JMit, ^ 

nA^aaix^-iyg >'i:aij^x-7 i -i>3 >«Dp^T-ffiB^ 
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frU ff-iffl7U-i»MF±lC&#ttfc55— 3 2, 3 
m®U *tlT»«r*«3 2, 3 4*5<fctf3 3, 3 5 

©aiBii»fcji4i«*titfaMR7 i --^w t osttttnst 

[00 41] ®M-£>y-2 0 a43j:tf 2 0 btt, C<D$£ 
>tf2 0 afeJ:t>-2 0 b (4, Sff*U^;l/-tr>-y- 1 o £ 

Co o 4 2] WB-b^sffi^iaiE^D-bx-eti, #M 

S%S^tt5 J; 3 KflFSr SOWS 
CO 0 4 3] (SjE^WPtt, #B8f x^Noap^jBf^vy 

3>-?>^;bir>+M 0T»tt*<sinB-b>'-y-2b b*ffi 
oTftS„ cniJ, U^/l/-fe>-9- 1 0 tUC^ffiTff 
^ ; (T I S) *flWR-b>-9-OHfn^KE 

^2 0 aSr^oTftSo CO^IEfc^L, i«£v-y:7° 
(4, fXA*^(c$tt 5 ^g ( ^ j:< ; ; =^-3 2~ . 

CO 0 4 4] Ctl6<DV7^ lelC^x^^gf © 
fcPJ£vXxAC>P^©lSfc4:oT£Cfc©*:S-3o ZIO 
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iftSv-y^S^fre^l^T, SiilXr->3yZfi 

)V U^-v-yT) ZftZCttfTZZ* cne»cDfflIE 
x— ^";K4 > Itffl'j7 V— AM F feffitfttf/c: ?7-33< 
3 5fed;tf3 2. 3 4MOSSOtt*T?**fc«A5C £ 

fciSffli?^ t/c(4v>yy^^/c46(c^^ z^-ymo 

mm, ^fcff$iJ:7b-A5 5-43cfctfS«x-:7;l/ = ^ 
— lC«fcoT\ &T&ft^XxA©5^— <£^¥SifilC,4; 

Rz) T?«*MS#ttft»t,fijn*V>. C©ffi$4tt#ttS:& 

fi*fe»inr, ^n^c ^scfEct, *»<os&s 

(5^-V-yT) fcAttfi* 

So 

COO 4 5] *77'i'J'XU^U>yfl!3JSCl*ttTObfc 

S» H9**tfHl 0J4, *ti^<i, iW^Xx—>3> 
fc^tfSfcbXx— : ^3 >-!?fT'5l&&ijVr„ Zloo^x 

-r;l/««H9 0XS*fTi/\ -?jII!2<Dx-7VU4, 
n^^gS-rsfiJtc, P1^f{c0i 0£DI@^rff3o J-XT 

(ei 9) frzmmxr—. >s 3 > (eh o) i§ 

CO 0 4 6] m9(DXm.S 1 tc^t), igftllU^Xh-e 
^»L/c-i7X/^««^-^;l/WT±{c«acrSo (C 
n{4, — fiSfigtc, Sffix— 7WTilti'XfA I Fco 

'Jt-—^*, T^fi-ff-rgiJ^XxAcO^ffl-tfaa-a-A^ 
fT^-S^^tc, — oJX±<7DtfitB^5EPilB (PSD) COM 

ffiSBHrt'Nifi^-r, iis2„ £<Dwmm-&ti&*£<D 
fe<ttfS4^<„ cnerociiii, (~ojx± 

O) 1%aa<j#MSJ;(DU^l/-{r>-9-SiJ^ ( "LS" T'tk 

/c) *^46, ^tlfcKLT'i'x/Ni^Jvy^SiJ^-r 
So Sfc, -0©S?iJSiJ^ ("AA" T'^-T) 

-^{c@SL/c7K¥#Mffig^46So S3*4tfS 
4t?cDcne©W^(4, C©T^tf->XxA^±T©g 

Wtc -tf a -a-ti-r S o 
C0047] ccob-o;^ y^JW-cojfcoisa, 

(G LS) t»t«SST*5, WTKMC 
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x * v >y ffe&mmmT- tvusb* s*«> na ± -5 

[00 4 8] I1S6T% ^^^*«BB»J*fT-5 0 9 
x/N±o^*<i:tz:ooajijv-3?7*»J«b (WIS 
, *n6<OXYffi«3B<T I SS¥±0#I7 

(y) tcBBLTTk^fclsKg-rsajft (R Z ) * 

Co o 4 9] coi/^u>y¥iB, £as#c# 
mie (p dc) \c&Bizfflttmf& 0 mmtimmiE 

[0 0 5 0] ^x/M«*v*y^i, ^x/N^r^to-r^jg 
#*5o fcU COU^7l/*>tftfft¥«T?*fttf* c 

^3-<£T&< ; *n«, L^U-tr t Z Ti$i+£>SJ 
^*«KCfcfc<koT»6na : Zwuw =Zls-Z 
ifo Sfot, feU Z wafer 

T»*i:*i6h;*l8, 4>&< B5tK-tr>tf(D 
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[0051] tu jaa-r^^^xMA^oijcgijcoffli 
^w-ra^xMco/^^^^stti-r^t-^s, /w^s 

io a o 

[0 0 5 2] £<OI Cjffifi"T*«\ ^xa§iJV^77 

*r**^t»in*^o wmstt, ns24^is7tf 
io »*fc**-eteiiLTv^5i?**o for, iss 8 

T\ ^x/M0«US^7*gfi«*-B-, ^JcSSffl-rao CCD 
ffc«\ *tttf*x/N<Dj»J^fcj:&<. U^Jl^y^<Dm 

[0053] *ffi*warai», a*, stti^ntx^ 
or, ssY^yMSiti, ^7t^^x/N±c)sa«B 

[0 0 5 4] -IZ7«;^SSt5t, ftfiWJiflJ 
XHS 1 0*fToT^6, ISS 1 1T\ Sfi^- 

[0 0 5 5] X«*JWT?«, SS7y^tftoft«>XA 
a o 0 1 0COXSS 1 3o ISS 1 4tlfif-7;l/(7) 
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loifflBftg, IgS 1 4*froTl*3£, ISS 1 
I S 1 t«ot»l T I S^3t^fT^o c 
<0T I S^Stt, ±KKi!LfcJ:«5k:, C£>T I Srt<« 

Bfc<fctf*¥ttB*M*U J»jSiB#Ba*tfc6t"o 0 
90IiS9Tffoft»S77?*T I S*<fflB-r*» 

fc#LT*u£ffifc:fi< ft»»c*B*IME'7 L — ^;l/OSB 
f4B*ltSS§#-rSo S2TI SSSE. IIS l 7fe-fe 

2jfr£fV«. 

[0 0 5 6] — J=L T I Sjt***TU M&mttfcfe? 

ffift(DVX**ffi5«^ ^X*3i»S 2 0O»fc, - 
^TlSiSSi 7«aeBLTiNlAiiIKK«Kfpr« 

AtSiEXSS 1 9t>JS*iILT<fcl/\, ±TOifflO»7 

tCH9<DX*iS l^lSl 0*«frtfe*>x/N*ffl»-r . 

[0 0 5 7] 09(Dies 9(D^x^igf^v^y^^ 
< ffl 3 cfc a # x/»±*c SB© L <DBW%> <fc tf* * 

7- r>K • • KT?«5^*ft6, CM 

*n6tt»miiR«c i:«3f«jc:aas 
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[0058] u^7i/-fe>*o«a»a3a:joiffl|j4, 

^^iRltcStttcBBBLfcAoo^X^^ b<om&T 
>V&<DT L/--CS«'r— 7;l/<D*H&r5 Zfig-r-* 
COX*7h071/Hi, cl(DSBT*SffiT?#§SKK 
[0 0 5 9] SHft»HlftjfelE&att, COTU— 

«\ «^0«EBSfctifhWTBai*aEtit»H«f**t 
SdfctfHjfcSo coJStt, ffl^Xx— >3>fc£tf 

[0 0 6 0] fcU »>x/N(D*SBafig«tDftJ^tt^g| 

5i tc IolIr-7;l/ (c # L T/J> 2 \, ^tuMA Tft ^Ct 
^t«o HI 2 5 2 TSt-oOSStt, 1 SSOS 
WfiWSD**/*— U 5 3 T^f ftiJO^mffiO^iUc E 

[006 1] SOf^Srili:/?^ U^Hr>-9-*'H6 

fflB^*Lft»n*f«:6ftt>o -l*XASffi«if?f 
» T L S x. tf , ^ XAgf% c <Dffim $ /c ttlKJSf iJBH 
rtlcffio/£fclc^f--7;l/WT©IjlffilS:afi'r5 

HI 1 <Difenim&5 0±tC#S9Sc^5 1^:^ 

[0 0 6 2] A^5 1 T*V^J^ffi%&m}Z>rztblc 
It* ±U^;l/-fe>trx#y h7U- CDMicMlSX^^ h 
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9x7 : £X#-y h«M«i) ©IgffiXjtfy h * 

A^ifi<fCit46, tyx^jf^fiV, fc.ttf^XMgaa 

co 0 6 3] coawocostasffli-eti, ctiftoraa 

£\ r7X/vg®;£}gSLT;fr£±^©AiSEl^;Uiii#i!|5^ 

**u^m»it**Hi 3*#jiauTH»i:Kwr*o 

CO 0 6 4] CO*l«U^HW|53taEOfc46K:«, ««J 

IBBf*, ^x^E^ffliELTixtf-y h© zo 

•y h 4 1 ^Bm^WSO^HtOrtSPOJl 0 tD^SS 60% 

5J;ofc> A^U^/M§f|5i|igS6 OCi, Stt5^o#% 

ft £ * X S. <DfrfriMcD± T'fT o rcmm<D r— * ? x 
' "*D*ttK S *J J: fc 5 o 

CO 0 6 5] A* U^/||«£aET?*«>fc?*-*»i, r 40 

^oiWTttits. sue aicffi^mT^ 

ffc«*aSE0A^i5 1 (01 1#h§) f^ifiT-^x/>il5?tc 
Kia-TS-r— ^f«, AjS5 1 Tco-i/x^^^^jiiJ-rs 
fc«>tefi!fflLT. V7^)Sitf, ^XAiffiffii^ 

if * fcttMf Ic J: o T ^x/\it$«-f-^KiE5i^:^aij^ 
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SE*^n*»© AjSft ifi-p Y ?j ftfc Tff T** 5 *\ S ft « 

-DTRy««4^iEfiS«C^465Cfc{itt*^(,> 0 JUTKW 
B^-r§J:3tC, XyjIfcteJilHILfcSteXjK'j/ h(DTls- 

CO 0 6 6] A^^;HSIPT ? -^©^2 0ffliiJi > £ 
U CO**«H* (fcfftett "->x-y^" ^ 

«fctf«»«HH*ffioT, 'fX/NicO^ylJv-ACD, StS 

-?Zo £<D9ti?mm-t>-V*S£UZfZJ-bZ.I,Z^ WO 9 8 
Z3 9 6 8 9 (P-0 0 7 0) »ci¥SB{cgBttUTfeSc 
CO 0 6 7] ^xmt^^I^ U^;Hr>i^io 
fi, Sfi?^— ^^\al^Zt3j;a"R y 7-1"— hV^t-y^fl 

$imcmW-?2> a iU C(D7-<— hV^-y 7°*^ 

^•yx/NH/i-yi; (A^?R xtCJc^Z^IP) tcWiS-r^ 

Co o 6 8] b^i/-tr>+>- 1 o (DmtEVFMtenmmzm 

CO 0 6 9] U^Hr>-9-l 0«, ffiJttr-Abis 

#{±*n, eL<{4^-£Dfti2«s*tH) ±{cifi]tt^t:-2x 

^7*v>^- 1 l fe^D'ryxy^fficiSitffigfcttS, 
S*f^nfctf-^cDfig?riiJ^-r-5^til7"7>^ 1 2* 

CO 0 7 0] COe-iSi^yy^TH;, JttW 1 1 1 

^r-T/SfcfcoT "B8W»" 1 1 lA2ottJ;l\ Jt 
jlSl 1 1 ^Wrtf-A(i, WK^OA^0[)5{lB|l@$?7 
f^, ryx/xSffiA>c,coT)$^<D}SSfic#tt* i Pi^-r3 
cfc^fc^ JE^j^g. Wl^.{4", 600^Ll 05 0n 
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i i # ut-tt***, sura? i i 3 *i^-iciHwr 
s 0 auts^i i 3 a, eii 4 A(ci¥ffl{c/TRL, m*<D 

£ L $ Ac 5 «fc ? fc , *H WfcEJWttijtJie? $ u 
MflttJ^^V^^-efe^o ffrjlLS^-l 15, 116 

COO 7 1] SBtr-Abistt, ^x/NfcSfcfcttL 
T» MA(f6 0" 4^18 0* cD«3H<E>fr 
fioTAWL, tttU^^l 2'\KJif-r*. 0 1 4 B 

ttttgws' ^a-rsi:, s*nf-Ar' a, >>^n 

mmnteWimW-L. r fc*ftTSM8f 2 • A h • s 1 n 
(a) AcW-^lft-rSo 0 1 4B«, ^^^©±©^£0 

Stic 

[0 0 7 2] SWtf-A^&Wtt^ ! 2 j , c ^ ri 

&m*g^i 2 6±{c*^l, ^<oi&?«, *mmc 
tc -r s /-c46ti:*«e<jcs*f^i!s^ $ a *n « t & 

^5, St>"#rjIL5 5— 1 2 2, 1 2 3 %&-dT 
EB*»^«fc< LTt«tV\ «W^S5 l 2 1 atfttttt 
?1 2 6 <D«tC, ft* 4 5° lcmft?Z®Bmft¥l 2 
4, Mtffctt?ttfcSjtfc-ftl**#S-ec©)fc©zk¥ 

a i 2 5 tftiLmtZo mi 4 ch:, c©«jB8H8jiatja: 
ntvs. jtsdfiSAi 2 5 a, ^kTWJtrii^wajirt' 
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ItSIM^OX h U 7/*ft5. 0 1 4 E * 
mOiWf-l 2 6 it— ocofg^ttffi, 0IR(±", ^ificD 

coo73] 1 2 6 *aa Lfcttfcaaitt^jfc 

1 2 7fC<fcoTA46, ifttHBl 2 8±{C*^^5o 

«\ »50kHz ©/Higi&cD, SSBflWfcJj-aTlHfrr 
10 3BK£MBB*dtr. 8f,T> tttflB 1 2 StfJISf* 
«, 01 4F»C^f-oOttJBO|H*2flES-r*„ &Wg§ 
1 2 8(i, I**»ISt^frX)j?y hOTU-KMt 

±^©«««F©E9t«©»9JSB» tto-Ox/^ffi 
fc, 2 6f±, 7k 3 Pffl)Wlf«0*<* 

mL^mmmftmt%(DZ<ztm±L%}it>z> 0 -rztmm 

[0 0 7 4] U^Hr>^fc<fct;z ; F^W-©a!lS«-|lNf 

x & o ^ a * flre*{£ o t p> comtiimw > y 

[0 0 7 5] S^te^ l l 3*aaLfc«HBXiJ«-y h 1 

i 3bjw*att?*ao, *c-e^n«, 01 5aic,t 

■TJ:-5fc, -01 3 1, 1 3 3fii^<S^L, -o 1 3 
2f±fg<^SLAc, HOcog^S^WIB^fcA^-rs,, 
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ve-until" i^-fS, C ©&# Lfc^rft fCfctlfc?, *g«g 

-f<fc£, Sfif-7;l/©zffii7^fai-^^ cod 
I5HF"9»C An& C ©X t^— v^Hia fc^lfijlcl&fr 

x^ h*tb»otfj^*thu^ru^Hh$/tttt .*a 
ens© hu«"i/^H4, c<D/s^H*5J;a*xx— s> 

S„ ^©&, C©X-r- ^OiEm^U-</l-t> 

•So cne>© h utfj&tt, c©x^— ^©K^j^tc^o 

C© "oove-until" #J»*S*4, MUBSJjgS/Xf' 20 
U ffi©ttiJ2{cffi^s 0 

[0 0 7 6] ±fc|ttWbfeU^;HrV-9-{i, ^£D14#6£ 

eft#-r5fc46tcMfcS3iift:r'#5 0 (y) ^rS]©fit 
S#^©yo-fexjf{cii-a-£-eTfc<fc(,\ ) ^rpj©jfi*n 

©st# cit5£©ya-trxs£*rt5) ^ sp^^ 1 

1 2 2: OfflKtt^i l 3±©MH^©t£)— ttfe«fctf/S 
[0 0 7 7]fI-t:Vt2 0a, 2 0 b ©Sift*? jgj&Jg 

«, B6nfcflf*«o3t*a-r3t*2 1 1 «w*tr, v 

■J -y FXf- h • u— ify-f*— K$fc{4X-/S-;l<5 

*tynm-K) **tr. *na, w-sn^u- a** 

'<8««2 1 3fr5tB*jU n'J 2 l 41C 

<fcoTtr-AX7 p 'J-y^2 1 5±JC[Sjtt3o fcT-AX:/ 

•J >y * 2 1 5 «, ro©w«iJ^tr-A 

b c e i3o .£ b e 92 

*f^o, ^n5£^x^w±©^n^n©x# y h 2 3 

1 6tCj;-DTft*-r-5o C©{gigRr>+>-©?fM£kf-A(D 
flWWttffi&nS©?, «»tt*JR2 1 6*4. IP^ £ < 
/a*/ftt^P£f£-5Cfc#tti3fca, «W«^43R2 2 1 *<K so 
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m-$tirc\z-L.ttMtt>s ?ne^ &m§§2 2 3, 22 

4 fctftWftSMR2 2 10Wtffiit5*UJy''JXA2 2 

2 (DmicMM-r s„ u xa 2 2 2 £tttb» 223 
©pjffiST-fe-sia 1 7tc^-r«fc^(c iw^tr— a«, i$ 

UiyUXA2 2 2©«®{CAH1U flfl?4®2 2 2 a, 2 
2 2 bfrSttlSo &fcHg§2 2 3*4. ~0©^fibfg|g^ 2 
2 3 a, 2 2 3 bfrSfiXtK ttW/''JXA2 2 2©E2 
2 2 a*>6WS)l£*<«tt»j(s^2 2 3 a till,, ®2 2 
2 bfr£W3fttf&lHg§s!t7 2 2 3 bKigf-SJ^fcK 

■snTi^s. &wg§2 2 4{4, mm?g>Zo mta^m 

?2 2 3 afcJ;Cf2 2 3 b©W77*4, SSflETIMliU M 
W-TSo ?x/^ffiftHfD{igfc&S£:#, cne.©jW 

5£tf-A#£tf±|:7 , ';XA2 2 2©H2 2 2 a, 2 2 2 b 
±te**»fcS»>, 3*«©)t*tfta»J*F2 2 3 a, 2 2 

3bt(p]*tSo #:tc, cne^^a^^c, ^n 
Sfrzm<t, s*ttrct:-A©ffig(4, ±tu ®2 

2 2 a, 2 2 2 b©— OfcflfiJ: 9£< ^ ^tl^tKD 

SWLfcHtfjtfJtfllJL-rgSo ^xyN0D^f4t4, ^ttifg 
2 2 3*J<fc£>'2 2 4<Dmtl<DttM\C&-oTVk*bZ><lk.ff 
tti3fc-S 0 

[0 0 7 8] C©gEg*4, *^W©m 2 JIJECflJ-p, Mtf 
5*3J:0 : U-<;^ttjgg^t J /ce,fo co«Bt>tH;, 

®fets£tf7zmi*}. 0>u*4\ ^¥fir©n^iE^jSia-r 

So L^L, ±fcitt^LfeStSH:>-9-»4, ^ 
WT*C*hr- StSKU-VXP LOl^I©ffi§tO^%iJ! 

S£oT, mmmm-te^ifZ 0 a*4, S«v L -'7';U 
^rSWfcStbXx-^a V'N^-rsi:*, TISCi 
ittteg©ffl^!&^;£-r£fc&6{c#PJtc^ c tA^WJR 
So C©»^I-tr>-9-{cJ;oTjiJ^L/-cig^^$fefciSiJ^L 

^m-fzrzibicmoo cn*4, ±tcKWLfcT i s^se 
t^itw-rso 

[0 0 7 9] cnP>©BS^!-fc>+)-(Cffifflr'#^tf-AX 
7*'J'^2 15^1 8*C^-r o tf-AXyj -y^*4, 

iBii:^"vxA^e>to, ts£z?ttfg.i,<izmL^m-£<n£&. 

<D7VXJ*fr HO©^UXA51, 52, 53 

H^-TSo yUXA5 H4, mffitft3&V. 
47b^©±®5 5 0H-«fi<lcA»tS. AT 1 ? fcf— A 5 
4©fiH*4, fn^C©±I5 5i:4 5" £!)gi /iJX 
A5 1 ©— ffi(Jn55 6fCS*<fc^tC*oTV>S 0 S2 7*'J 
XA5 2J4, ^ 1 ^"UXA5 1 ©j»J®5 6»cS-&«n, 
C©A^fcT-A©mM©gi5^' (*^SSCTT'{4¥^) *^ 
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2 TV XL. 5 2<D>*"\iSAl,Ttf-A5 7*JBtfU - 
77580^^ 1 7V XL. 5 1 fiTvk¥tC5#tLTti-A5 

A 5 1 T'S*t5rtirctr-A5 8ti, ^cOXUXAcDlgl 
(RiJffi 5 6 tffiSS 2 <»J® 5 9 tc^ 0 , T?3(CK^^ 

£>±ffii:¥fTS\ S37'JXA5 3 <D±®*5,fct>'jgE£r 
oSSo m 2 fflijffi 5 9 li N If— A 5 8 (D^^S.^Um. 

A 5 2 CA5 t£-A 5 7 t±, Si Xl> XA 5 1 ©{RiJ® 5 
6 tcMit&, mzyj XL. 5 2 (D~0©ipfT®tC <fc o T 
rtSPSW^n, 3! 1 TV XL. 5 1 <D±®5 5 tffi4, 

A5 7*5j:c>'5 8«, ¥?TT'^S^iinTHl73Sn5 0 
tT-A 5 7, 5 8 m<DMmS£Mlt, XU XL, 5 1 tsZZf 
5 2©*£2t<J:oTi£3 0 yjXA5 3(t If— A 5 
7, 5 8ffl<0*g«!^^*lRli;{cW*5<i:3t, str- 
L.(Dfm^^mit-t^fzib1,cWL^^o XUXA'5 3 
t±, i^cDJ: 9 tyj XA 5 2 i^tS^, CMS 
Sffl&T'&i&g&l/^fcfcm&l/N, XU XA 5 2 
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1 Title cf Invention 

OFF-AXIS LEVELING IN LITHOGRAPHIC 
PROJECTION APPARATUS 

2 Claims 

1. & lithographic projection apparatus comprising! 

a radiation system for supplying a projection beam o: radiation; 
a first object table provided ^rith. a mask holder for holding a mask; 
a second, movable object table provided with a substrate holder for holding a 
substrate: 

a projection system for imaging an irradiated portion of the mask onto a target 
portion of the substrate; and 

a positioning system for moving said second object tabic between an exposure 
station, at which said projection system can image said rnask portion onto soic substrate, 
and e measurement station; characterized in that 

said second object table has a physical reference surface fixed thereto; 
• and by: 

height mapping means located at said measurement station and constated end 
arranged to measure the hdghr, relative to said physical reference surface, of a plurality 
Of points on rhe surface of a substrate held or said substrate holder and to create a height 
map thereof; 

position measuring means located at said exposure station for measuring the 
position of said physical reference surface in a. first direction substantially perpendicular 
to said substrate surface, after movement of said second object table to said exposure 
station; and 

control means constructed and arranged to control the position of said second 
ooject table ia at least said first direction, during exposure of said target portion, in 
accordat.ee with said height map and said position measured by said position measuring 
mems. 

2. Apparatus according to claim 1 wherein said control means u further arranged to 
control the tik of said s-cond objea table about at least one axis perpendicular to said 
firs: direction in accordance v:th said height map. 
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2. 

3. Apparatus according to claim 1 or 2 wherein said height mapping means 
comprises a level sensor constructed and arranged to simultaneously measure the 
position in said first direction of a linear array of points, 

4. . Apparatus according to claim 1, 2 or 3, wherein said heigh!: mapping means 
comprises a level sensor constructed and arranged to measure the position of a 
measurement beam reflected by the surface whose position in said first direction is to be 
measured, 

5. Apparatus according to claim 4 wherein said level sensor comprises; a projection 
grating; projection optics for projecting an image of said projection grating onto the 
surface whose position in said first direction is io be measured; a detection grating, 
detection optics for focusing light reflected by said surface to form on said detection 
grating an image o£ said projection gratings and a detector for detecting Moire patterns 
formed by the overlay of said image of said projection grating on said detection grating. 

6. Apparatus according to claim 5 wherein said level sensor further comprises a 
radiation source constructed and arranged to illuminate said projection grating with 

• polychromatic radiation and wherein said projection optics and said detection optics 
consist essentially of reflective optical elements. 

7. Apparatus according to any one of the preceding claims wherein said height 
mapping means comprises a level sensor for detecting the position Ln said first direction 
of the surface of said substrate at said plurality of points and position detection means 
for detecting the position in said first direction of said second object table 
simultaneously with measurements by said level sensor, 

8. Apparatus according to claim 7 wherein said position detection means comprise 
an interferometer. 
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9. Apparatus according to any one of the preceding claims wherein said position 
measuring means comprises an image sensor mounted id said second object table and 
said physical reference surface comprises an upper surface of said image sensor. 

10. Apparatus according to any one of the preceding claim, wherein said position 
measuring means is constructed and arranged to measure the position of said physical 
reference surface relative to the focal plane of said projection system. 

11. Apparatus according to any one of the preceding claims wherein said second 
object table has a plurality of spaced-apart physical reference surfaces; and said height 
mapping means is constructed and arranged ro measure the height of said plurality of 
points relative to a reference plane defined by said plurality of physical reference 
surfaces. 

12. Apparatus according to any one of the preceding claims further comprising: 

a second height mapping means located at said exposure station constructed and 
arranged to measure the height, relative to said physical reference surface, of said 
plurality of points on the surface of a substrate held on said substrate holder and to 
create a height map thereof; and 

calibration means constructed and arranged to compare height maps of a single 
substrate prepared by each of said first and second height mapping means to derive a 
relative calibration for separate position detection systems provided ax said measureraen 
and exposure stations. 

13. A method of manufacturing a device using a lithographic projection apparatus 
comprising: 

a radiation system for supplying a projection beam of radiation j 

a first object table provided with a mask holder for holding a mask; 

a second, movable object cable provided with a substrate bolder for holding a 

substrate; and 

a projection system for irnaein* irradiated uortions of the mask onto rareet 
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providing a mask bearing a pattern to said first object table; 

providing a substrate having a radiation-sensitive layer to said second object table: 

and 

imaging said irradiated portions of the mask onxo said target portions of the 
substrate; characterized by the steps of: 

before said step of imaging, generating, with the second object table at a 
measurement station, a height map indicating the height of a plurality of points on the 
substrate surface relative to a physical reference surface on said second object table; 

moving the second object table to said exposure station and measuring the 
position of said physical reference surface in a first direction substantially perpendicular 
to said substrate surface; ai>d 

during said step of imaging, positioning the second abject table in at least said 
first direction by reference to said height map and said measured position in said first 
direction of said physical reference surface. 

14. A method according to claim 13 wherein, during said step of imaging, said 
second object table is oriented about at least one axis perpendicular to said first directioi; 
by reference to said height map. 

15. A method according to claim 13 or 14 wherein said second object table is 
positioned during said imaging step so as to minimize the squared defocus integrated 
over the area of said target portion, wherein rhe defocus comprises the distance in said 
first direction between the focal surface of said projection lens and the surface of said 
substrate. 

16. A method according to claim 13 or 14 wherein said step of imaging comprises 
scan imaging a slit image onto said substrate, and said second object table is positioned 
during said imaging step so as to minimize the squared defocus integrated over the 
duration of said scanning exposure and the area of said slit image, wherein the defocus 
comprises the distance in said first direction between the focal surface of said projection 
lens and the surface of said substrate, 
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17. A method according to any one of claims 13 to 16 wherein said step of generatin 
a height map comprises the substcps ofj 

measuring the position, in said first direction of each of said plurality of points oi 
said substrate surface; 

simultaneously with each measurement of the position of a point on said 
substrate surface, measuring the position in said first direction o£ said second object 
tabic; and 

subtracting each measured position of said second object table from the 
corresponding measured position of said substrate surface to generate said height map. 

18. A method according to claim 17 wherein said step of generating a height map 
comprises the initial step of measuring the position in said first direction of said physic; 
reference surface and simultaneously the position in said first direction of said second 
object table. 

19. A method according to any one of claims 13 to 18 comprising the further steps, 
before said step of generating a height map, of: 

measuring the height of a plurality of points on said wafer surface adjacent the 
psrimcter of areas on said substrate that are to be exposed, and determining from the 
measured heights an overall height and tOt for said substrate and/or local height or tilt • 
values in certain regions of said substrate surface whose height is to be mapped. 

20. A method according to any one of claims 13 to 19 further comprising the step, 
before said step of generating a height map, of calibrating a level sensor to be used in 
generating said height map by using said level sensor to make a plurality of 
measurements of the vertical position of at least one predetermined point on said 
substrate surface with the second object table being positioned at different vertical 
positions for different ones of said plurality of measurements. 

2L A method according to claim 20 wherein said step of calibrating is performed fc 
a plurality of different exposure areas on said substrate and respective resulting 
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calibration corrections arc applied in generating the height map for exposure areas 
corresponding in. type to those for which the calibration was performed. 

22. A device manufactured according to the method of any one of claims 13 to 21. 

23. A. method of calibrating a lithographic projection apparatus comprising; 
a radiation system for supplying a projection beam of radiation; 

a first object table provided with a mask holder for hoLding a mask; 
a second, movable object tabLe provided with a substrate holder for holding a 
substrate; and 

a measurement station having a first position detection system for measuring the 
position of said second object table at said measurement station; 

an exposure station having a projection system for imaging irradiated portions O" 
the mask onto target portions of the substrate and a second position detection system fc 
measuring the position of said second object table at said exposure station; the method 
comprising the steps of: 

providing a substrate to said second object cable; 

at said measurement station, generating a first height map of said substrate by 
measuring the position in a first direction, substantially perpendicular to the surface of 
said substrate, of a plurality of points on said substrate surface and simultaneously 
measuring the position of said second object table using said first position detection 
system; 

at said exposure station, generating a second height map of said substrate by 
measuring the position in said first direction of said plurality of points on said substrate 
surface and simultaneously measuring the position of said second object table using said 
second position detection system; and 

comparing said first and second height maps to calibrate said first and second 
position detection systems. 

24. A method of manufacturing devices using a lithographic projection apparatus 
comprising: 
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a first object tabic provided with a mask holder fox holding a mask; 
a second, movable object table provided with a substrate holder for holding a 
substrate; and 

a projection system for imaging irradiated portions of the mask onto target 
portions of the substrate; the method comprising the steps of: 

providing a mask bearing a pattern to said first object table; 

providing a substrate having a radiation-sensitive layer to said second object table 

and 

imaging said irradiated portions of the mask onto said target portions of the 
substrate; 

said steps of providing a substrate and imaging being repeated to expose a 
plurality of substrates; characterized by the steps of: 

generating, for each substrate provided to second object table, a height map 
indicating the height of a plurality of points on the substrate surface; and 
comparing the height maps of successively provided substrates to detect correlations in 
the locations of any unfitnesses that may be indicative of contamination or systematic 
faults of said second object table. 

25 , A lithographic projection apparatus comprising: 

a radiation system for supplying a projection beam of radiation; \ 
a first, movable object table provided with a mask holder for holding a reflective 

maskj 

a second, object table provided with a substrate holder for holding a substrate; 

and 

a projection system for imaging an irradiated portion of the mask onto a target 
portion of the substratej characterized by 

height mapping means constructed and arranged to measure the height, relative 
to a reference surface, of a plurality of points on the plane of a reflective mask held on 
said mask holder and to create a height map thereof; and 



(32) 



*$G8 2000-323404 



8 

control means constructed and arranged to control the positioa of said first 
object table in at least said first direction, during exposure of said target portion, in 
accordance y/irh said height map, 

26. A method of manufacturing a device using a lithographic projection apparatus 
comprising: 

a radiation system for supplying a projection beam of radiation; 

a first, movable object table provided with a mask holder for holding a reflective 

mask; 

a second object tabic provided with a substrate holder for holding a substrate; 

and 

a projection system for imaging irradiated portions of the mask onto target 
portions of Tie substrate; the method comprising the steps of: 

providing a reflective mask bearing a pattern to said first object table; 
providing a substrate having a radiation-sensitive layer to said second object table 

and 

imaging said irradiated portions of the mask onto said target portions of the 
substrate; characterized by the steps of: 

before said step of imaging, generating, a height map indicating the height of a 
plurality of points on the mask surface relative to a reference plane on said first objecc 
tables and 

during said step of imaging, positioning the first object table in at least said first 
direction by reference to said height map. 
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3 Detailed Description of Invention 

The present invention relates to height detection and levelling, for example of 
the substrate and/or mask, in lithographic apparatus. More particularly, the invention 
relates to a system for off-axis levelling in lithographic projection apparatus comprising: 

a radiation system for supplying a projection beam of radiation; 

a first object table provided with a mask holder for holding a mask; 

a second, movable object table provided with a substrate holder for holding a 
substrate; 

a projection system for imaging an irradiated portion of the mask onto a target 
portion of the substrate; and 

a positioning system for moving said second object table between on exposure 
position, at which said projection system can image said mask portion onto said 
substrate, and a measurement position. 



For the sake of simplicity, the projection system may hereinafter be referred to 
as the "lens"- however, this term should be broadly interpreted as encompassing various 
types of projection system, including refractive optics, reflective optics, catadioptric 
systems, and charged particle optics, for example* The radiation system may also 
include elements operating according to any of these principles for directing, shaping or 
controlling the projection beam, and such elemenrs may also be referred to below, 
collectively or singularly, ac a "Uns". In addition, the first and second object tables may 
be referred to as the "mask table" and the "substrate table", respectively. Further, the 
lithographic apparatus may be of a type having two or more mask tables and/or two or 
more substrate tables. In such "multiple stage* devices the additional tables may be used 
in parallel, or preparatory steps may be carried out on one or more tables while one or 
more other tables are being used for exposures. 

Lithographic projection apparatus can be used, for example, in the manufacture 
of integrated circuits (ICs), In such a ewe, the mask (reticle) may contain a circuit 
pattern corresponding to an individual layer of the IC, and this pattern can be imaged 
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onto an exposure area, (die) on a substrate (silicon, wafer) which has been coaxed with a 
layer of photosensitive material (resist). In general, a single wafer will contain a whole 
network of adjacent dies which axe successively irradiated via. the reticle, one at a time. 
In one type o£ lithographic projection apparatus, each die is irradiated by exposing the 
entire reticle pattern onto the die in one go; such an apparatus is commonly referred to 
as a wafer stepper. In an alternative apparatus — which is commonly referred to as a 
stcp-and-scan apparatus — each die is irradiated by progressively scanning the reticle 
pattern under the projection beam in a given reference direction (the "sc a n nin g 11 
direction) while synchronously scanning the wafer table parallel or anti-parallel to this 
direction; since, in general, the projection system will have a magnification factor M 
(generally < 1), the speed V at which the wafer table is scanned will be a factor M times 
thai at which the reticle table is scanned. More information with regard to lithographic 
devices as here described can be gleaned from International Parent Application WO 
97/33205, for example. 

Until very recently , lithographic apparatus contained a single mask table and a 
single substrate table. However, machines are now becoming available in which there 
ore at least two independently moveable substrate tablesi see, for example, the multi- 
stage apparatus described in International Patent Applications W098/28665 and 
WO98/40791. The basic operating principle behind such multi-stage apparatus is that, 
while a first substrate table U at the exposure position underneath the projection system 
for exposure of a first substrate located on that table, a second substrate table can run to 
a loading position, discharge a previously exposed substrate, pick up a new substrate, 
perform some initial measurements on the new substrate and then stand ready to 
transfer the new substrate to the exposure position underneath the projection system as 
soon as exposure of the first substrate is completed; the cycle then repeats. In this 
manner it is possible to increase substantially the machine throughput, which in turn 
improves the cost of ownership of the machine. It should be understood that die same 
principle could be used with just one substrate table which is moved between exposure 
and measurement position. 

The measurements performed on the substrate at the measurement position 
may, for example, include a determination of the spatial relationship (in X & Y 
directions) between various contemplated exposure areas on the substrate ("dies"), 
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reference markers on the substrate and at least one reference marker (e*g. fiducial) 
located on the substrate table outside the area of the substrate. Such information can 
subsequently be employed at the exposure position to perform a fast and accurate X and 
Y positioning of the exposure areas with respect to the projection beam; for more 
information see WO 99/32940 (P-0079), for example. This document also describes the 
preparation at the measurement position of a height map relating the Z position of the 
substrate surface at various points to a reference plane of the substrate holder. However 
the reference plane is defined by a Z-interferometer a t the measurement position and a 
different Z-interferometer is used at the exposure position. It is therefore necessary to 
know accurately the relationship between the origins of the two ^interferometers. 

An object of the present invention is to provide a system for off-axis levelling a 
substrate in a lithographic projection apparatus that avoids the need to relate the origins 
of two interferometer systems and enables additional improvements in positioning of 
the exposure areas during exposure processes. 

According to the present invention there is provided a lithographic projection 
apparatus comprising; 

a radiation system for supplying a projection beam of radiation; 

a first object table provided with a mask holder for holding a mask; 

a second, movable object table provided with a substrate holder for holding a 
substrate^ 

a projection system for imaging an irradiated portion of the mask onto a target 
portion of the substrate,- and 

a positioning system for moving said second object table between an exposure 
station, at which said projection system can image said mask portion onto said substrate, 
and a measurement station; characterized in that 

said second object table has a physical reference surface fixed thereto; 

and by. 

height mapping means located at said measurement station and constructed and 
arranged to measure the height, relative to said physical reference surface, of a plurality 
of points on the surface of a substrate held on said substrate holder and to create a height 
map thereof* 
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position measuring means located at said exposure station for measuring the 
position of said physical reference surface in a first direction substantially perpendicular 
to $aid substrate surface, after movement of said second object table to said exposure 
station; and 

control means constructed and arranged to control the position of said second 
object table in at least said first direction, during exposure of said target portion, in 
accordance with said height map and said position measured by said position measuring 
means. 

According to a further aspect of the present invention there is provided a 
msthod of manufacturing a device using a lithographic projection apparatus comprising: 

a radiation system for supplying a projection beam of radiation; 

a first object table provided with a mask holder for holding a mask; 

a second t movable object table provided with a substrate holder fox holding a 
substrate; and 

a projection system for imaging irradiated portions of the mask onto target 
portions of the substrate at an exposure station; the method comprising the steps of: 

providing a mask bearing a pattern to said first object table; 

providing a substrate having a radiation-sensitive layer to said second object 
table; and 

imaging said irradiated portions of the mask onto said target portions of the 
subscratej characterized by the steps of? 

before said step of imaging, generating, with the second object table at a 
measurement station, a height map indicating the height of a plurality of points on the 
substrate surface relative to a physical reference surface on said second object table; 

moving the second object table to said exposure station and measuring the 
position of said physical reference surface in a first direction substantially perpendicular 
to said substrate surface; and 

during said step of imaging, positioning the second object table in at least said 
first direction by reference to said height map and said measured position in said first 
direction of said physical reference surface. 
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In a manufacturing process using a lithographic projection apparatus according 
co the invention a pattern in a mask Is imaged onto a substrate which, is at least partially 
covered by a layer of energy-sensitive marerial (resist). Prior to this imaging step, the 
substrate may undergo various procedures, such as priming, resist coating and a soft 
bake. Afcer exposure, the substrate may be subjected to other procedures, such as a 
post-exposure bake (PEB), development! a hard bake and measurement/inspection of the 
imaged features, This array of procedures is used as a basis to pattern an individual layer 
of a device, e.g. an IC. Such a patterned layer may then undergo various processes such 
as etching, ion-implantation (doping), metallisation, oxidation, cherno-mechanical 
polishing! etc., all intended to finish o£f an individual layer. If several layers are 
required, then the whole procedure, or a variant thereof, will have to be repeated for 
each new layer. Eventually, an array of devices (dies) will be present on the substrate 
(wafer). These devices are then, separated from one another by a technique such as 
dicing or sawing, whence the individual devices can be mounted on a carrier, connected 
to pins, etc. Further information regarding such processes can be obtained, for example, 
from the book "Microchip Fabrication: A Practical Guide to Semiconductor 
Processing", Third Edition, by Peter van Zant, McGraw Hill Publishing Co., 1997, 
ISBN 0-07O6725CM- 

Although specific reference may be made in this text to the use of the apparatus 
according to the invention in the manufacture of ICs, it should be explicitly understood 
that such an apparatus has many other possible applications, For example, it may be 
employed in the manufacture of integrated optical systems, guidance and detection 
patterns for magnetic domain memories, liquid-crystal display panels, thin-filrn magnetic 
heads, etc. The skilled artisan will appreciate that, in the context of such alternative 
applications, any use of the terms 'reticle 1 ', "wafer* or "die" in this text should be 
considered as being replaced by the more general terms "mask", "substrate" and 
"exposure area", respectively. 

In the present document, the terms "radiation* 1 and "beam" are used to 
encompass all types of electromagnetic radiation or particle flu?:, including, but not 
limited to, ultraviolet radiation (e.g. at a wavelength of 365nm, 248nm, 193nm, I57nm 
or 126nm), extreme ultraviolet radiation (EUV), X-rays, electrons and ions. Also 
herein, tbe invention is described using a reference system of orthogonal X, Y and 2 
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directions and rotation about an axis parallel to the I direction is denoted Ru Furrier, 
unless the context otherwise requires, the term "vertical" (Z) used herein is intended to 
refer to the direction normal to the substrate or mask surface, rather than implying my 
particular orientation of the apparatus. 

Embodiment 1 

Figure 1 schematically depicts a lithographic projection apparatus according to 
the invention. The apparatus comprises: 

• a radiation system LA, Ex, IN, CO for supplying a projection beam PB of 

radiation (e,g, UV or EUV radiation); 

a first object table (mask table) MT provided with a mask holder for holding a 
mask MA (e.g. a reticle), and connected to first positioning means for accurately 
positioning the mask with respect to item PL; 

a second object ta.ble (substrate or wafer table) WTa provided with a substrate 
holder for holding a substrate W (e,g. a resist-coated silicon wafer), and connected to 
second positioning means for accurately positioning the substrate with respect to item 
PL; 

a third object table (substrate or wafer table) WTb provided with a substrate 
holder for holding a substrate W (e.g. a resist-coated silicon wafer), and connected to 
third positioning means for accurately positioning the substrate with respect to item PL; 

a measurement system MS for performing measurement (characterization) 
processes on a substrate held on a substrate table WTa or WTb at a measurement sration; 
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• a projection system ("l^") PL (e.g. a refractive or catadioptric system, a mirror 

group or in array of field deflectors) for imaging an irradiated portion of the mask MA 
onto an exposure area C (die) of a substrate W held in a substrate table WTa or WTb at 
an exposure nation. 

As here depicted, the apparatus is of a transmissive type (i.e. has a transmissive 
mask). However, in general, it may also be of a reflective type, for example. 

The radiation system comprise* a source LA (e.g. a Hg lamp, examiner laser, an 
undulator provided around the path of an electron beam in a storage ring or 
synchrotron, a laser plasma source or an electron or ion beam source) which produces a 
beam of radiation. This beam is passed along various optical components comprised in 
the illumination system, — e.g. beam shaping optics Ex, an Integrator IN and a 
condenser CO — so that the resultant beam PB has a desired shape and intensity 
distribution in its cross-section. 

The beam PB subsequently intercepts the mask MA which is held in a mask 
holder on a mask cable MT. Having passed through the mask MA, the beam PB passes 
through the lens PL, which focuses the beam PB onto an exposure area C of the 
substrate W. With, the aid of the interfcrometric displacement and measuring means IF, 
the substrate tables WTa, WTb can he moved accurately by the second and third 
positioning means, e.g. so as to position different exposure areas C in the path of the 
beam PB. Similarly, the first positioning means can be used to accurately position the 
mask MA with respect to the path of the beam PB, e.g. after mechanical retrieval of the 
mask MA from a mask library. In general, movement of the object tables MT, WTa, 
WTh will be realized with the aid of a long stroke module (course positioning) and a 
short stroke module (fine positioning), which are not explicitly depicted in Figure L In 
the case of a waferstepper (as opposed to a step-and-scan apparatus) the reticle table may 
be connected only to a short stroke positioning device, to make fine adjustments in 
mask orientation and position. 

The second and third positioning means may be constructed so as to be able to 
position their respective substrate tables WTa, WTb over a range encompassing both the 
exposure station under projection system PL and the measurement station under the 
measurement system MS. Alternatively, the second and third positioning means may be 
replaced by separate exposure station and measurement station positioning systems for 



(40) 



& Bfl 2000-323404 



16 

positioning a substrate cable in the respective exposure stations and a table exchange 
means for exchanging the substrate tables between the two positioning systems. Suitable 
positioning systems ore described, inter alia, in WO 98/28665 and WO 98/40791 
mentioned above. It should be noted that a lithography apparatus may have multiple 
exposure stations and/ or multiple measurement stations and that the numbers of 
measurement and exposure stations may be different than each other and the total 
number of stations need not equal the number of substrate tables, Indeed, the principle 
of separate exposure and measurement stations may be employed even with a single 
substrate cable. 

The depicted apparatus can be used in two different modes: 

1. In step-aod-repeat (step) mode, the mask table MT is kept essentially stationary, 
and an entire mask image is projected in one go Q.e, a single "flash") onto an exposure 
area C. The substrate table WT is then shifted in the X and/or Y directions so that a 
different exposure area C can be irradiated by the beam PB; 

2. In stcp-and-scan (scan) mode, essentially the same scenario applies, except that a 
given exposure area C is not exposed in a single "flash'*. Instead, the mask table MT is 
movable in a given direction (the so-called "scan direction \ eg. the Y direction) with a 
speed v, so that the projection beam PB is caused to scan over a mask image; 
concurrently, the substrate table WTa or WTb is moved in the same or opposite 
direction at a speed V - Mv, in which M is the magnification of the lens PL (typically, 
M - 1/4 or 1/5) . In this manner, a relatively large exposure area C can be exposed, 
without having to compromise on resolution. 

An important factor influencing the imaging quality of a lithographic apparatus 
is the accuracy with which the mask image is focused on the substrate. In practice, since 
the scope for adjusting the position of the focal plane of the projection system PL is 
limited and the depth of focus of that system is small, this means that the exposure area 
of the wafer (substrate) must be positioned precisely in the focal place of the projection 
system PL, To do this, it is of course necessary to know both the position of the focal 
plane of the projection system PL and the position of the top surface of the Wafer, 
Wafers are polished to a very high degree of flatness but nevertheless deviation of the 
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wafer surface from perfect flatness (referred to as "unEktaess") of sufficient magnitude 
noticeably to affect focus accuracy can occur. Uuflataess may be caused, for example, by 
variations ia wafer thickness, distortion of the shape of the wafer or contaminants on 
the wafer holder. The presence of structures due to previous process steps also 
significantly affects the wafer height (flatness). In the present invention, the cause of 
unfitness is largely irrelevant; only the height of the top surface of the wafer is 
considered. Unless the context otherwise requires, references below to "the wafer 
surface'' refer to the top surface of the wafer onto which will be projected the mask 
image. 

According to the invention, after loading a wafer onto the substrate table, the 
height of the wafer surface Z wfct relative to a physical reference surface of the substrate 
table is mapped. This process is carried out at the measurement station using a first 
sensor, referred to as the level sensor, which measures the vertical (Z) position of the 
physical reference surface and the vertical position of the wafer surface, Z^. at a plurality 
of points, and a second sensor, for example a Z-interferometer, which simultaneously 
measures the vertical position of the substrate table, Z p at the same points. As shown in 
Figure 2, the wafer surface height is determined as Z^ - Z^ • Zp. The substrate table 
carrying the wafer is then transferred to the exposure station and the vertical position of 
the physical reference surface ia again determined. The height map is then referred to in 
positioning the -wafer at the correct vertical position during the exposure process. This 
procedure is described in more detail below with reference to Figures 3 to 6. 

As shown ia Figure 3, first the substrate cable is moved so that a physical 
reference surface fixed to the substrate table is underneath the level sensor LS. The 
physical reference surface may be any convenient surface whose position in X, V and Z 
on the substrate table will not change during processing of a wafer in the lithographic 
apparatus and, most importantly, in the transfer of the substrate table between 
measurement and exposure stations. The physical reference surface may be port of a 
fiducial containing other alignment markers and should have such properties as allow its 
vertical position to be measured by the same sensor as measures the vertical position of 
the wafer surface. In a presently preferred embodiment the physical reference surface is 
a reflective surface in a fiducial in which is inset a so-called transmission image sensor 
(TIS}. The TDS is described further below. 
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The level sensor may be, for example, an optical sensor such as that described in 
US 5,191.200 (P-0039) (referred to therein as a focus error detection system); 
alternatively, i pneumatic or capacirive sensor (for example) is conceivable. A presently 
preferred form of sensor making use of Moire patterns formed between the image of a 
projection grating reflected by the wafer surface and a fixed detection grating is 
described below in relation to a second embodiment of the invention. The level sensor 
may measure the vertical position of a plurality of positions simultaneously and for each 
may measure the average height of a small area, so averaging out unflatnesses of high 
spatial frequencies. 

Simultaneously with the measurement of the vertical position of a physical 
reference surface by the level sensor LS, the vertical position of the substrate table is 
measured using the Z-interferometer, Z v . The Z-interferometer may, for example, be 
part of a three, five or six.axis interferomerrie metrology system such as that described 
iu WO 99/28790 (P-0077) or WO 99/32940 (P-007S). The Z-interferometer system 
preferably measures the vertical position of the substrate table at a point having the same 
posirion in the XY plane as the calibrated measurement position of the level sensor LS. 
This may be done by measuring the vertical position of two opposite sides of the 
substrate table WT at points in line with the measurement position of the level sensor 
and interpolating/modelling between them. This ensures that, in the event that the 
"vafer table is tilted out of the XY plane, the Z-interferometer measurement correctly 
indicates the vertical position of the substrate table under the level sensor. 

Preferably, this process is repeated with at least a second physical reference 
surface spaced apart, e.g. diagonally, from the fim physical reference surface. Height 
measurements from two or more positions can then be used to define a reference plane. 

The simultaneous measurement of the vertical position of one or more physical 
reference surfaces and the vertical position of the substrate table establishes a point or 
points determining the reference plane relative to which the wafer height is to be 
mapped. A Z-iuterferometer of the type mentioned above is effectively a displacement 
sensor rather than an absolute sensor, and so requires aeroing, but provides a highly 
linear position measurement over a wide range. On the oiher hand, suitable level 
sensors, e.g. those mentioned above, may provide an absolute position measurement 
with respect to an externally defined reference plane C-e. nominal zero) but over a 
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smaller range. Where such, sensors are used, it is convenient to move the substrate table 
vertically under the level sensor until the physical reference *urface(s) is (are) positioned 
at a nominal zero in the middle of the measurement range of the Level sensor and to read 
out the current interferometer Z value. One or more of these measurements on physical 
reference surfaces will establish the reference plane for the height mapping. The Z- 
interferonieter is then zeroed with reference to the reference plane. In this way the 
reference plane is related to the physical surface on the substrate table and the Z Vifc , 
height map is made independent of the initial zero position of the Z-incerferometer at 
the measurement station and other local factors such as any unflatness in the base plate 
over which the substrate cable is moved. Additionally, the height map is made 
independent of any drift in the zero position of the level sensor. 

As illustrated in Figure 4, once the reference plane has been established, the 
substrate table is moved so that the wafer surface is scanned underneath the level sensor 
to make the height map. The vertical position of the wafer surface and the vertical 
position of the substrate tabic are measured at a plurality of points of known XT 
position and subtracted from each other to give the wafer height at the known XY 
positions. These wafer height values form the wafer height map which can be recorded 
in any suitable form. For example, the wafer height values and XY coordinates may be 
stored together in so-called indivisible pairs. Alternatively, the points at which wafer 
height values are taken may be predetermined, eg. by scanning the wafer along a 
predetermined path at a predetermined speed and making measurements it 
predetermined intervals, jo that a simple list or array of height values (optionally 
together with a small number of parameters defining the measurement pattern and/or a 
starting point) may suffice to define the height map. 

The motion of the substrate table during the height mapping scan is largely 
only in the XY plane. However, if the level sensor LS is of a type which only gives a 
reliable aero reading, the substrate table is also moved vertically to keep the wafer 
surface at the zero position of the level sensor. The wafer height is then essentially 
derived from the Z movements of the substrate table, as measured by the 2- 
iuterferorueter, necessary to maintain a zero readout from the level sensor. However, it 
is preferable to use a level sensor that has an appreciable measurement range over which . 
its output is linearly related to wafer height, or can be linearized. Such measurement 
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range ideally encompasses the maximum expected, or permissible, variation in wafer 
height. With such a sensor, the need for vertical movement of the substrate table during 
the scan is reduced or eliminated and the scan can be completed farter, since the scan 
speed is then limited by the sensor response drne rather than, by the ability of the short 
stroke substrate table to track the contour of the wafer in three dimensions. Also, a 
sensor with on appreciable linear range can allow the heights at a plurality of positions 
(e.g. an array of spots) to be measured simultaneously. 

Next, the wafer table is moved to the exposure station and, as sho wn in Figure 
5, the (physical) reference surface is positioned under the projection lens so as to allow a 
measurement of its vertical position relative to the focal plane of the projection lens. In 
a preferred embodiment, this is achieved using one or more transmission image sensors 
(described below) whose detector is physically connected to the reference surface used in 
the earlier measurements. The transmission image sensor (s) can determine the vertical 
focus position of the projected image from the mask under the projection leas. Armed 
with this measurement, the reference plane can be related to the focal plane of the 
projection lens and a path for the substrate table in three-dimensions which keeps the 
wafer surface in optimum focus can be determined. One method by which this can be 
done is to calculate Z, Rx and Ry setpoints for a series of points along the scan path. 
The setpoints are determined using a least squares method so as to minimize the 
difference between the wafer map data and the focus plane of the exposure slit image. 
Por ease of calculation, the relative motion of the exposure slit image and wafer can be 
expressed as the slit moving relative to a static wafer. The least squares criterion can 
then be expressed as, for each time r, finding the values Z(t), Rxft) and Ry(z) which give a 
minimum value of: 

J W -J/2-V/2 

where wfay) is the wafer height map and the exposure slit image is a rectangular plane 
of width s in the scanning direction and length W perpendicular to the scanning 
direction with its position defined by zft> B Rx(i) and Ry(t) . The setpoints and the wafer 
trajectory can be expressed as functions of either Y (position in the scanning direction) 
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or r (time) since these are related by Y - y 0 +vJ } where y 0 is die starting position and v is 
the scanning speed. 

As mentioned above, the physical reference surface^) is (are) preferably a 
surface id which a transmission image sensor CHS) is inset. As shown in Figure 7, two 
sensors T1S1 and TIS2 are mounted on a fiducial plate mounted to the top surface of the 
substrate table (WT, WTa or WTb), at diagonally opposite positions outside the area 
covered by the wafer W. The fiducial place is made of a highly stable material with a 
very low coefficient of thermal expansion, e,g. Invar, and has a flat reflective upper 
surface which may cairy markers used in alignment processes. TIS1 and TTS2 are 
sensors used to determine directly the vertical (and horizontal) position of the aerial 
image of the projection lens. They comprise apertures in the respective surface close 
behind which is placed a photodetector sensitive to the radiation used for the exposure 
process. To determine the position ofthe focal plane, the projection lens projects into 
space an image of a TIS pattern TIS*M provided on the mask MA and having contrasting 
light and dark regions. The substrate stage is then scanned horizontally (in one or 
preferably two directions) and vertically so that the aperture ofthe TIS passes through 
the space where the aerial image is expected to be. As the TIS aperture passes through 
the light and dark portions ofthe image of the TIS pattern, the output ofthe 
photodetector will fluctuate. The vertical level at which the rate of change of amplitude 
of the photodetector output is highest indicates the level at which the image of TIS 
pattern has the greatest contrast and hence indicates the plane of optimum focus. An 
example of a TIS of this type U described in greater detail in US 4,540,277. Instead of 
the TIS, a Reflection Image Sensor (RE) such as that described in US 5,144,363 may also 
be used. 

Using the surface ofthe TIS as the physical reference surface has the advantage 
that the TIS measurement directly relates the reference plane used for the height map to 
the focal plane of the projection lens and so the height map can be employed directly to 
give height corrections for the wafer stage during the exposure process. This is 
illustrated in Figure 6, which shows the substrate table WT as positioned under the 
control of rhe Z-interferometer at a height determined by the height map so that the 
wafer surface is at the correct position under the projection lens PL. 
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The TTS surkce may additionally carry reference markers whose position is 
detected using a through-thc-lcas (TTL) alignment system to align the substrate table to 
the mask. Such an alignment system is described in EP-0,467,445 A (P-0O32), for 
example. Alignment of individual exposure areas can also be carried out, or may be 
obviated by an. alignment procedure carried out at the measurement stage to align the 
exposure areas to the reference markers on the wafer stage. Such a procedure is 
described in EP-0 906 590 A (P-0070) for example. 

It will be appreciated chat the mask image projected by the projection system 
PL m a production process, in both step-aod-repeat and step-and-acan modes, is not a 
single point bat extends over a significant area in ihe XY plane, Since the wafer height 
may vary significandy over this area it is desirable to optimize the focus over the whole 
of the projection area, rather than just at a single point. In embodiments of the present 
invention, this can be achieved by controlling not only the vertical position of the 
substrate cable WT, but also its tilt about the X and Y axes (Bjc, Ry). With knowledge 
of the Location and extent of the intended exposure areas, the height map generated by 
the present invention can be used to calculate in advance optimum Z, Rx and Ry 
position setpoints for the substrate table for each exposure. This avoids the time 
required for levelling in known apparatus that only measure wafer height when the 
wafer is positioned under the projection lens and hence increases throughput, The 
optimum Z, R* and Ry setpoints may be calculated by various known mathematical 
techniques, for example using an iterative process to minimize def ocus (defined as the 
distance between the wafer surface and the ideal focal plane), LSQ (t) } integrated over 
the exposure area. 

A further advantage is possible in the step-and*can mode. In this mode, the 
projection lens projects an image of only part of the mask pattern onto a corresponding 
part of the exposure area,, The mask and substrate are then scanned in synchronism 
through the object and image focal planes of the projection system PL so that the entire 
mask pattern is imaged onto the whole exposure area. Although in practice the 
projection lens is held stationary and the mask and substrate are moved, it is often 
convenient to consider this process in terms of an image slk moving over the wafer 
surface. With the height map determined in advance by the present invention, it is 
possible m calculate a sequence of 2, Rx and Ry setpoints matched to the XY scan path 
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(usually, scanning takes place m only one direction, e.g. Y). The sequence of setpoints 
can be optimized according to additional criteria, e.g. to minimize vertical accelerations 
or tilt motions that might reduce throughput or induce undesirable vibrations. Given a 
sequence of spaced-apart setpoints, a scanning trajectory for the exposure can be 
calculated using a polynomial or spline fitting procedure. 

Whilst the present invention aims co position the wafer ar the optimum 
position in Z, Rx and Ry for a given exposure, the variations in wafer surface height 
over the exposure area may be such that the wafer cannot be positioned to give adequate 
focus over the entire area. Such totalled focus spots can result in an exposure failure. 
However, with the present invention such failures can be predicted in advance and 
remedial action can be taken. For example, the wafer may be stripped and recoated 
without the detrimental effect of further processing a badly exposed wafer. 
Alternatively, if the predicted failure affects only one or a few devices on the wafer 
whilst others will be acceptable, throughput may be enhanced by skipping exposures 
char can be predicted in advance to result in defective device*. 

A further advantage of focus-spot detection can be derived from analysis of 
heighe maps taken. When large deviations from a global wafer plane ore present In a 
wafer height map, this could indicate focus spots due to substrate unflatnesa or process 
influences. Comparing wafer height maps from several wafers can indicate focus spots 
due to contamination or unflatness of the substrate table. When focus spots appear « 
identical or near-identical positions for different wafers, this is most likely caused by 
substrate holder contamination (to-called "chuck-spots"). From one wafer height map, 
one con also compare the hdght map (topology) from repeated exposure areas (dies). If 
large differences occur at certain dies with respect to an average height map, one can 
suspect focus spots due to either wafer processing or the substrate table. Instead of 
comparing wafer height maps, the same comparisons can also be done on the derived 
exposure paths per die, or on the defocus parameters MA, MSD or Moving Focus 
explained below. When a certain die or wafer deviatas much from an average exposure 
path or defocus parameters, focus spots can also be detected. 

All of the above mentioned analysis can be done before a wafer is ccposed, and 
remedial action, such as wafer rejection (processing influences) or substrate holder 
cleaning (chuck spots), can be taken. With these methods, focus spots can be localised to 
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the size of the measurement spot of the level sensor 10, This implies a much higher 
resolution than previous methods of focus spot detection. 

Embodiment 2 

A second embodiment of the present invention is shown In Figure B, which 
shows only the exposure and measurement stations and only components relevant to the 
discussion below. The second embodiment utilizes the levelling principle of the present 
invention described above, together with certain refinements described below. 

At the exposure station, to the left of Figure 8, the projection lens PL is shown 
mounred ro merrology frame MP and projecting an image of TIS marker TIS-M on 
mask MA onto the sensor TIS mounted to wafer table WT. The metrology frame is 
isolated from the transmission of vibrations from other parts of the apparatus and has 
mounted on it only passive components used for fine metrology and alignment sensing, 
The whole metrology frame may be made of a material with a very low coefficient of 
thermal expansion, such as Invar, so that it provides a very stable platform for the most 
sensitive measuring devices of the apparatus. The components mounted on the 
metrology frame MP include mirrors 34 and 35 to which the measurement beams of the 
Z-interferometer Zjp are directed by 45°-mirrors 31 mounted on the sides of the wafer 
table WT. To ensure that the Z position of the substrate table can be measured 
throughout its range of movement in X, the mirrors 34 f 35 have a correspondingly large 
extent in the X direction. To ensure the Z position can be measured throughout the 
range of Y-movement, the mirrors 31 cover the whole length of the wafer table. Also 
mounted to the metrology frame MP are the beam generating and receiving parts 21a, 
22a of a confidence sensor 20a described further below. 

At the measurement station(on the right in Figure 8), the same metrology frame 
MP carries mirrors 33 and 32 which serve the same function as the mirrors 34, 35 at the 
exposure station; again mirrors 32, 33 will have a large extent in the X direction to 
accommodate the required range of movement of the substrate table WT which is just as 
large as that at the exposure station. Level sensor 10, comprising beam generating part 
1 1 and detection part 12, is also mounted on the metrology frame MP, Additionally, a 
confidence sensor 20b r essentially the same as confidence sensor 20a at the exposure 
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position, is provided, Other measurement device*, for example aa alignment module, 
can also be provided 

As discussed above, the use of the physical reference surf aee (again in this 
embodiment this is provided by the upper surface of rhe TIS) relates the wafer height 
map to the wafer stage and makes it independent of the zero positions of the two 2- 
interferometers and certain local factors such as unflatness of the base plate (stone) BP 
over which the wafer tables move. However, since the wafer height map is generated 
using the Z-interferometer at rhe measurement station and the substrate table position is 
controlled at the exposure station using a different 2-lnterferorneter provided there, any 
differences as a function of XY position between ths two Z-interferornerers can affect 
the accuracy with which the wafer surface is positioned in the focal plane. The principal 
cause of these variations in aa interferometer rystem of the type used in the present 
invention is unflatness of the mirrors 32, 33, 34, 35. The 45° mirrors 31 axe attached to 
the wafer table WT and travel with it as it swaps between exposure and measurement 
stations. Any unflatness of these mirrors therefore has largely the same effect on 
positioning at the exposure station as at the measurement station, and largely cancels 
out. However, the mirrors 32, 33, 34 and 35 mounted on the metrology frame MF stay 
with their respective interferometers and so any differences in the surface contours of 
the corresponding pairs 32, 34 and 33, 35 can adversely affect the vertical positioning 
accuracy of the substrate table VT, 

The confidence sensors 20a and 20b are used at initial set-up of the apparatus, 
and periodically as required thereafter, to calibrate the differences between the Z« 
interferometers at the measurement and exposure stations. The confidence sensors are 
sensors capable of measuring the vertical position of the upper surface of the wafer at 
one or more points as the substrate cable is scanned underneath it. Confidence sensors 
20a and 20b can be similar in design to level sensor 10 but need not be; since they are 
used only at setup (and for infrequent rccalibration) and with a reference wafer rather 
than production wafers, the design criteria are less onerous and advantage can be taken 
of this to design a simpler sensor. Conversely, the existence of the projection lens PL at 
the exposure station will restrict the physical locations available for the confidence 
sensor at that station, and this also needs to be taken into account in design or selection 
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of each confidence sensor. High accuracy is required of the confidence sensors since tie 
calibration they are used for will affect the quality of every exposure. 

In the calibration process using the confidence sensor(s) f a reference wafer is 
loaded onro the substrarc table. The reference wafer is preferably a bare silicon wafer. 
There is no requirement for it to he any flatter than a normal bare Si wafer but its 
surface finish (in terms of reflectivity) is preferably optimised for the confidence sensors, 
In a preferred embodiment of the invention the reference wafer is preferably polished to 
maximize its reflectivity and minimize unflarness, 

In the calibration procedure, a partial height map of the reference wafer (as 
usual referenced to the physical reference surface) is generated at the measurement 
station using the confidence sensor 20b instead of the level sensor 10. This is done in the 
same manner as with the level sensor 10: the physical reference surface (TIS) is 
positioned at the zero point of the confidence sensor to zero the Z-interferomcter, the 
wafer is then scanned under the confidence sensor, and the height map is generated from 
the difference between the confidence sensor and Z-iuterfcrometer readings. A height 
map is also generated at the exposure station using the confidence sensor 20a at the same 
points u the measurement station height map. For this calibration, the height maps 
need not be a complete scan of the wafer, they need only cover strips corresponding to 
the movement of the Z-iaterfero meter beam over the mirrors 32-35. (The order in 
which the maps are created is not important, provided the wafer is stable on the 
substrate cable whilst both arc done.) 

Since the height maps represent the same wafer, any differences between them 
will be caused by differences between the measurement systems used to create them. 
The two confidence sensors are static, so their effects on the height maps will not be 
position-dependent and can be eliminated by normalizing the two height maps and/or 
subtracting static offsets. Any remaining differences will be position-dependent, and the 
two height map 5 can be subtracted from one another to generate correction cables 
(mirror maps) thai relates the exposure station Znnterferometer to the measurement 
station Z4nterferometer. These correction tables can be attributed to the differences 
between the mirrors 33, 35 and 32, 34 attached to the metrology frame MF and can be 
applied to the wafer height maps generated in a production process, or used to correct 
one of the Z-interferometers used to generate the map or to position the substrate table 
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during the exposure. Depending on the precise construction of the Z-interferometers, 
particularly the metrology frame mirrors and substrate table mirrors, the differences is 
2 posirion caused by the unflatnesses of the mirrors in each interferometer system may 
also be tilt dependent iji one or more degrees of freedom (Rx, Ry, Rz). To eliminate this 
tilt dependence it may be necessary to use the confidence sensors to create several height 
maps with the wafer stage at various different tilts, from which a number of different 
correction tables (mirror maps) can be derived, as necessary* 

Having described the principle of the off-axis levelling procedure, now will be 
described some further refinements to it that are employed in the second embodiment, 
as well as how it is integrated into the production process. Figures 9 and 10 are referred 
to and respectively show the steps carried out at the measurement station and at the 
exposure station, En a lithography apparatus using two wafer tables, one table will be 
going through the steps of Figure 9 whilst a second si multaoeously goes through the 
steps of Figure 10 before they are swapped. In the description below, the "life" of a 
single wafer is followed from measurement station (Figure 3) to exposure station (Figure 
10) and back, 

Starting at seep SI in Figure 9, a wafer coated with a photosensitive resist is 
loaded on to the substrate table WT. (Note that this may generally take place at a 
loading station separate from the measurement station at which the substrate table is out 
of range of the inxerferometer system IF.) The wafer table is moved into the capture 
range(s) of one or more position sensitive devices (PSDs) so that an initial coarse zeroing 
of the interferomecric metrology system can be performed, srsp SZ. After the initial 
coarse zeroing, the fine initialization/zeroing of the inxerfcrometru: system follows in 
steps S3 and S4. These two steps contain the level sensor measurements (denoted "LS n ) 
on the (two or more) physical reference surfaces, which will define ihe reference plane 
(fixed to ihe wafer table) with respect to which the wafer height map j s measured. Also, 
two alignment measurements (denoted n AA M ) arc done on markers located on the same 
physical reference surfaces, so as to define the horizontal reference positions fixed to the 
wafer table, These measurements in S3 and S4 effectively zero the interferomecric 
30 system in all degrees of freedom. 

The next seep in the levelling procedure is step S3, referred to as the global level 
contour (GLC). In this step, which is described further below, a wafer capture and an 
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initial scan of the wafer with the level sensor is made Co determine its overall height and 
rile as well as its approximate heighr at the points where the subsequent detailed scan 
will move onto or off the wafer. This information enables the substrata table trajectory 
for the wafer height map scan to be defined. 

In step $6, a global alignment of the wafer is done. At least two alignment 
markers on the wafer are measured (Wl and W2), meaning that their XY position i% 
determined with respect to the reference markers on the TIS fiduciais. This determines 
to what extent the wafer is horizontally rotated (FU) with respect to the *can direction 
(y), and is done to be able to correct the wafer rotation such that the wafer height map 
scans are done parallel to the exposure area axis (Le. "going straight over the exposure 
areas"). 

After that, the levelling procedure continues with measurements necessary for a 
process dependent correction (PDC), A process dependent correction is necessary with 
some forms of level sensor, and will now be explained 

The wafer height map must be taken each time a wafer is exposed. K a wafer 
has already been subjected to one or more process steps, the surface layer will no Longer 
be pure polished silicon and there may also be structures or topology representing the 
features already created on the wafer. Different surface layers and structures can affect 
the level sensor readings and in particular can alter its linearity. If the level sensor is 
optical, these effects may, for example, be due to diffraction effects caused by the surface 
structure or by wavelength dependence in the surface reflectivity, and cannot always be 
predicted, To determine the required procw dependent correction, an exposure area or 
die is scanned under the level sensor with the substrate table WT set to several different 
vertical positions spanning the linear or linearized range of the level sensor 10. The 
wafer height, i.e. the physical distance between the wafer surface and the reference plane, 
should not change ^ith the vertical position of the substrate table; it is obtained by 
subtracting the measurements of the level sensor and Z-intexferometer: Z WAraR - Z^ - 
Z ff , Therefore if the determined value of Z VAPHA does change with vertical position of 
the substrate table this indicates that either or both the level sensor or Z-iuterferometer 
arc not linear or not equally scaled. The Z-interferometer is deemed to be linear since it 
looks at the mirrors on the wafer table and metrology frame; and in fact is linear to a 
greater extent than the required accuracy for the wafer height map, at least once the 
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correction determined by the use of the confidence sensor is applied. Therefore, any 
differences in. the wafer height values art: assumed to result from non-linearity or mis- 
scaling of the level sensor- They, and the knowledge of at which level sensor readings 
they were observed, con be used to correct the output of the level sensor. It has been 
found in a presently preferred embodiment of die level sensor that a simple gain 
correction is sufficient, but a more complex correction may be required for ocher 
sensors. 

If the wafer to be processed has exposure areas on it that have been subjected to 
different processes, then a process-dependent correction is determined for each different 
type of exposure area on the wafer. Conversely, if a batch of wafers having exposure 
areas that have undergone the same or similar processes are to be exposed, k may only 
be necessary to measure the process-dependent correction for each type of exposure area 
once per batch. That correction can then be applied each time that type of exposure area 
is height-mapped in the batch. 

In many IC faba, the photosensitive resist is applied to the wafer immediately 
before it is loaded into the lithography apparatus. For this, and other, reasons, the wafer 
may be at a different temperature than the substrate table when it is loaded and clamped 
in place. "When The wafer cools (or warms) to the same temperature as the substrate 
table, thermal stresses con be set up because the wafer is clamped very rigidly using 
vacuum suction. These may result in undesirable distortion of the wafer. Thermal 
equilibrium is likely to have been reached by the time the steps S2 to S7 have been 
completed. Therefore, at step S8, the vacuum clamping the wafer to the substrate table 
is released, to allow the thermal stresses in the wafer to relax, and then reapplied. This 
relaxation may cause small shifts in the position and/or tilt of the wafer but these arc 
acceptable since steps S2 to S4 arc independent of the wafer and S5 and $6 are only 
coarse measurements. Any shift La the wafer position at this stage does not affect the 
process-dependent correction since that is a calibration of the level sensor rather than a 
measurement of the wafer. 

After the vacuum has been reapplied, and from here on it is not released again 
until the exposure process is finished, the 2-niap is carried out at step S?, The scan 
required for the Z-map must measure the height of sufficient points to enable the wafer 
to be positioned during exposure at the desired accuracy. Ir is also important that the 
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points measured cover the actual area where the wafer Ls no be exposed; measurements 
taken over non-exposure areas, such as scribe lanes and so-called mouse bitcsj may give 
misleading results. Accordingly, the height mapping scan must be optimized to the 
specific pattern of exposure areas on the wafer at hand; this is described further below. 

Once the Z-map is completed, the advance alignment measurements, step 510, 
arc carried out before the substrate table is swapped, at step 511, to the exposure 
position, In the advance alignment process, the positions of a number of alignment 
markers on the wafer relative to the reference markers F located on the TIS Fiducial 
(physical reference surface) fixed to the substrate table are accurately determined. This 
process is not particularly relevant to the present invention and so is not described 
further herein. 

In the swap procedure, the substrate table carrying the height-mapped wafer 
arrives at the exposure station, step S13 in Figure 10. A coarse position determination of 
the substrate cable is made at step S14 and, if necessary, a new mask MA is loaded onto 
the mask table MT, step S15. The mask loading process may be carried out, or at least 
begun, simultaneously with the substrate table swap. Once a mask is in position and a 
coarse position determination, step S14 r has been made, a first TIS scan is carried out 
using sensor TIS1 at step S16, The TIS scan measures the vertical and horizontal 
position of the substrate tabic at which the TIS is located in the aerial image focus of the 
projection lens, as described above, yielding a focal plane reference. Since the height 
map generated as step S9 in Figure 9 is referenced to the physical surface in which the 
TIS is located, the vertical positions of the substrate table necessary to put the wafer 
surface in the focal plane for the diEferent exposure areas are directly derived. A second 
TIS scan, seep S17, is also carried out using sensor TIS2, yielding a second point for 
referencing a focal plane. 

Once the TIS scans have been completed and the focal plane determined, the 
exposure process S18 is carried out, optionally after any necessary system calibrations in 
step S19 (eg. adjustments to correct for lens heating effects). The exposure process will 
generally involve the exposure of multiple exposure areas using one or more masks. 
Where multiple masks are used, after mask exchange S20, one TIS scan S17 can be 
repeated to update any focal plane changes. Between some or all exposures, the system 
calibration step S19 may also be repeated. After completion of alt exposures, the 
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substrate Table carrying the exposed wafer is swapped at step S13 for the substrate table 
carrying the wafer that has meanwhile been undergoing steps SI to S10 of Figure 9. The 
substrate table carrying the exposed wafer Is moved to the loading station and the 
exposed wafer taken out so that a fresh wafer can be loaded and the cycle can resume. 

To explain the wafer height mapping sean of step S9 of Figure 9, Figure 11 
shows an example of a pattern of exposure areas C of various shapes and sizes arranged 
on a wafer to maka bast use of the silicon area. The different exposure areas C are 
separated by scribe lanes SL and generally-triangular unused area*, known as "mouse- 
bites* are inevitably left between the rectangular exposure areas and the curved edge of 
the wafer. The scribe lanes are where the wafer will be cut once all production processes 
have been completed (so as to separate the different devices) and some cutting techniques 
may require that the scribe lanes in one direction all span the entire width of the wafer; 
Ln that case it is convenient to orient these fait wafer-width scribe lanes parallel to the 
scanning direction (e.g, the Y direction) if the apparatus is to be used in step-aad-scan 
mode, The scribe lanes and mouse bites may not be exposed, and so after the wafer has 
been subjected to a few process steps or depositions of layers they may have very 
different heights and surface properties than the exposure areas C. Accordingly it is 
important to disregard any height measurements in these areas, which are not going to 
be exposed, 

A presently preferred embodiment of the level sensor uses a linear array of, eg., 
nine optical spots arranged perpendicular to the scanning direction to measure the 
height at nine points (areas) simultaneously, (Note that the ^interferometer data can 
also be interpolated to provide corresponding Z^position data of the substrare table at an 
array of corresponding level sensor points.) The array of spots is of a size sufficient to 
cover the width of the widest exposure area that can be exposed in the apparatus. 

The presently preferred scanning scheme is to scan the array of spots in a 
meander path 50 such that the center spot of the array passes along the midline of each 
column of exposure areas; this midline corresponds to the midline of the illuminated slit 
in the exposure process. The data thus generated can be directly related to the exposure 
scan with a minimum of rearrangement or calculation. This method also eliminates part 
of the mirror unflatne« effect, since, at both measurement and exposure stations, scans 
are carried our with the Z-inter£erometer beam pointing at the same position on the 
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mirrors 31 attached to the substrate table. If the column of dies is narrower than the 
array of spots of the level sensor, data obtained from the spots not lying wholly within 
the exposure area are ignored. In. other embodiments of the level sensor it may be 
possible to adjust the width of the array of spots to match the width of the exposure 
areas. 

If a wafer has some exposure areas whose center lines are offset in the direction 
perpendicular to the scanning direction from those of the remainder, a modified 
scanning scheme may be used to advantage. This situation is illustrated in Figure 12 
which shows one row of dies E whose center lines are offset from the remaining dies D. 
In such a case, the map can be created more quickly and with fewer accelerations for the 
substrate table by scanning two meander paths. One path, referenced 52 in Figure 12, 
covers one set ol exposure areas D and the other, referenced 53, covers the others Of 
course, other arrangements of the exposure areas may require further modifications to 
the scanning scheme. 

Where the level sensor has a limited linear or linearized range, which is likely 
the case, the substrate table WT must be scanned underneath it at a vertical position that 
brings the wafer surface into that range, Once the wafer surface has been found it is a 
simple matter* by means of a closed feedback loop of the level sensor reading to the 
substrate table positioning system, to adjust the vertical position of the substrate table 
WT co keep the wafer surface in the linear or linearized range but it is not so simple to 
find the wafer surface when the level sensor first moves onto an exposure area from 
outside the wafer. In a meander path there are several such in-points, referenced 51 and 
indicated by arrows on the meander path SO in Figure 11, compounding the problem. 

To find the wafer surface at the in-poinrs 51 it is possible to provide a capture 
spot in advance of the main level sensor spot array, The reflection of the capture spot 
on the wafer is then directed to a detector that has a wider capture range than is the case 
for the main spots. This, however, requires additional hardware: a capture spot on both 
sides of the main spots (before/after) or a restriction to scanning in only one direction. 
An alternative, not necessarily requiring additional hardware, is to stop the substrate 
table dose to each in-point, perform a wpfer caprure and measure the wafer surface in 
the linear or linearized range of the level sensor to approximate the wafer surface 
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position, at the in-point. This however slaws down the measurement procedure 
significantly, which may have undesirable consequences for throughput. 

In this embodiment of the invention, these problems are avoided by performing 
a global level contour scan mentioned above (step SS La Figure 9) after the wafer surface 
is captured. The global level contour scan is explained further with reference to Figure 
13, 

For the global level contour scan the substrate table is first positioned so that a 
convenient point (preferably near rue edge) within an exposure area C is underneath a 
single capture spot and the- main spots of the level sensor (spot array). The wafer surface 
is found, e.g. by scanning the substrate table vertically until the wafer surface is captured 
and comes within the linear or linearized range of the main spots, and then the substrate 
table is scanned so that the central spot 41 traverses a path 60 around the inside of the 
perimeter of the total exposure area The capture procedure is described further below. 
Measurements of the wafer surface height are taken at defined positions around the scan. 
Where other spots of the amy as well as the center spot fall over (exposure areas of) the 
wafer, the measurements from these spots, as well as the central one, can also be taken. 
However, measurements should not be taken from spots falling outside the exposure 
areas. As illustrated, the global level contour path 60 is a winding path following the 
edges of the exposure areas quite closelyj however a smoother path may also be 
employed and, particularly when the wafer is veil filled with exposure areas, a circular 
course 61 may well suffice and be more convenient. The global level contour may also 
be arranged as a circle passing over mouse bites, in which case measurements are not 
taken oyer the mause bites, or the data of any measurements taken on mouse bites are 
disregarded in calculation of the global height and tilt of the wafer. 

The data gathered in the global level contour scan are used for two purposes. 
Firstly data relating to the wafer height in the vicinity of the in-points 5 1 (see Figure 11) 
of the.height mapping scan to be carried out later are used to predict the wafer height at 
the in-polnts 51 so that the substrate table can be brought to the correct height to get the 
wafer surface position in the linear or linearized level sensor range during the mapping 
scan. In most cases only a few data points are required for this and they need not be 
particularly close to the in-points zo allow a sufficiently accurate prediction of the wafer 
height to be determined by interpolation or extrapolation. It is also desirable to know 
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the local Ry tilt at the in-points 51 for the height mapping scan) siace the level sensor 
has an array of spots in the X-direction which (preferably) all tieed to be brought within 
their linear or linearized ranges. If the global level contour scan h parallel, or nearly 
parallel, to the Y direction in the vicinity of any in-point, the Ry cik cannot be 
accurately determined using data obtained from only a single spot* Where a level sensor 
having an array of measurement spots spaced apart in the X direction, such as that 
described below, is used, data from mulriple spots can be used to determine a local Ry 
tilt. Of course, data from spots lying within the exposure area are selected if part of the 
array falls outside that area. 

The second use of the global level contour data is to determine a global, or 
average, height and tilt (around 2 axes) for the whole wafer. This is done by known 
mathematical techniques, e,g. a least-squares method, co determine a plane that most 
closely fits the wafer height data gathered. If the global tilt (sometimes referred to as the 
r *redge ,> ) is greater than a predetermined amount, this may well indicate an incorrect 
loading procedure, In that cose the wafer can be unloaded and reloaded for a retry and 
even rejected if it continues to fail, The global height and tilt information is used to 
focus an advance alignment sensor used in step S10 of Figure 9 to accurately determine 
the spatial relationship of alignment markers on the wafer to reference markers on the 
substrate stage. The advance alignment sensor and process are described in greater detail 
in WO 98/39689 (P-0070). 

During a wafermap scan, the level sensor 10 provides continuous Z and Ry 
feedback signals to the substrate table to keep the level senror 10 in its linear or 
linearized range, If this feedback loop stops (the level sensor 10 doesn't supply correct 
numbers) the table is controlled by following a path corresponding co the global wafer 
wedge (a Z profile according to global Rx). 

A presently preferred embodiment of the level sensor 10 is illustrated in Figure 
14 and will be explained below additionally with reference to Figures 14A to 14G, 
which show aspects of the operation of the sensor. 

Level sensor 10 comprises a beam generation branch 11 which directs a 
measurement beam b^ onto the wafer W (or the physical reference plane when the 
vertical position of chat is being measured, or any reflecting surface) and a detection 
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branch 12 which measures the position of the reflected beam, which is dependent on the 
vertical position of the wafer surface. 

In the beam generation branch, the measurement beam is generated by light 
source 111, which may be an array of light emitting or laser diodes, or generated 
elsewhere and passed to "illuminator 1 ' 111 by optical fibers. The beam emitted by light 
source 111 preferably contains a wide band of wavelengths, e.g. from about 600 to 1050 
nia, so as to average out any wavelength dependence of interference effects from the 
wafer surface, particularly after some process steps have been completed. Illumination 
oprics 112, which may include any suitable combination of lenses and mirrors, collect 
the light emitted by light source 111 and evenly illuminate projection grating 113. 
Projection grating 113 is shown in greater detail in Figure 14A and consists of an 
elongate grating 113a, which may be divided to generate an array of separate/discrete 
spots, with grating lines parallel to its axis, and an additional aperture 113b which forms 
a capture spot ahead of the main detection spot array on the wafer. The period of the 
grating will be determined in part by the accuracy at which the wafer surface position U 
to be measured and may, for example be about 30^m. The projection grating is 
positioned with a small rotation around its optical axis such that the grating lines 
projected on the wafer are not parallel to any wafer coordinate axia, thereby to avoid 
interference with structures on the wafer which, are along the x or y direction. 
Projection lens 114 is a telocentric iystem which projects an image of the projection 
grating 113 onto the wafer W. Projection lens 114 prefer abLy consists essentially or only 
of reflecting optical elements so as to minimize or avoid chromatic aberration in the 
projected image; since the projection beam Is broadband these cannot easily be 
eliminated or compensated for in a refractive optical system. Folding mirrors 1 15, 116 
are used to bring the projection beam b^ into and out of the projection lens 114 and 
permit a convenient arrangement of the components of thfl beam generation branch. 

The projection beam b^ is incident on the wafer at a fairly large angle, a, to 
the normal, e.g. in the range of from 60° to g0°, and is reflected into the detection 
branch 12. As shown hi Figure 14B, if the wafer surface W5 shifts in position by a 
distance Ah to position WS', then the reflected beam / will be shifted relative to the 
beam r, prior to the shift in the wafer surface, by a distance 2,Ab.sin(a). Figure 14B also 
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shows the appearance of the Image on the wafer surface; because of the large angle of 
incidence, the image is spread ouc perpendicular to the grating lines. 

The reflected beam is collected by detection optics 121 and focused on detection 
grating 126, which is essentially a copy of projection grating 113 and is sub-divided to 
correspond to the spot-array pattern, Detection optics 121 are directly complementary 
to projection optics 114 and will also consist essentially or only of reflective elements, to 
minimize chromatic aberration. Again folding mirrors 122, 123 may be used to enable a 
convenient arrangement of the components, Between detection optics 121 and the 
detection grating 126 arc positioned a linear polarizer 124 to polarize the light at 45° ami 
a birefringent crystal 125 which causes a shear perpendicular to che grating lines equal in 
magnitude to the grating period between the horizontal and vertical polarized 
components of the light. Figure 14C shows the beam as it would be at the detection 
grating 126 without the birefringent crystal; it is a series of alternating light and dark 
bands with the light bands polarized at 45°. The birefringent crystal 125 shifts the 
horizontal and vertical polarizacion states so that the light bands of the horizontal 
polarization component fill the dark bands of the vertical polarization component. A* 
shown in Figure 14D, the illumination at the detection grating 126 is therefore uniform 
grey but has stripes of alternating polarization state. Figure HE shows the detection 
grating 126 overlaid on this pattern, which depends on the vertical position of the wafer 
surface; when the wafer is at a nominal zero vertical position, the detection grating 126 
will overly and block half of the light bands of one polarization state, e.g. the vertical, 
and half of the other state, 

The light passed by the detection grating 126 is collected by modulation optics 
127 and focused on detector 12B. Modulation optics include an polarization modulation 
device driven by an alternating signal, e.g. with a frequency of about 50kHz, so as to 
pass the two polarization states alternately. The image seen by the detector 128 
therefore alternates between the two states shown in Figure 14F. Detector 128 is 
divided into a number of regions corresponding to the array of spots whose height is to 
be measured, The output o£ a region of detector 128 is shown in Figure 14G, It is an 
alternating signal with period equal to thar of the modulating optics and the amplitude 
of the oscillations indicates the degree of alignment of the reflected image of the 
projection grating on the detection grating, and hence the vertical position of the wafer 
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surface. As mentioned, above, if the wafer surface is at the nominal zero position, the 
detection grating 126 will block our half of the vertical polarization state and half of the 
horizontal polarizarion state so that the measured intensities are equal and the amplitude 
of the oscillating signals output by the detector regions will be zero. As the vertical 
position of the wafer surface moves away from the zero position, the detection grating 
126 -will begin to pass more of the horizontally polarized bands and block more of the 
vertically polarized bands, The amplitude of the oscillations will then increase. The 
amplitude of th« oscillations, which is a measure of the vertical position of the wafer 
surface, is not directly linearly related to the vertical position of the wafer surface in 
nanometers. However, a correction table or formula can readily be determined on 
initial setup of the apparatus (and periodically recalibrated if necessary) by measuring the 
constant height of the surface of a bare silicon wafer at various different vertical 
positions of the substrate table, using the calibrated Z-Lnterferometer and uncalibxated 
level sensor 10. 

To ensure that the measurements of the level sensor and the Z-interferonicter 
are taken simultaneously, a synchronization bus is provided. The synchronization bus 
carries clock signals of a very stable frequency generated by a master clock of the 
apparatus. Both the level sensor and Z^interferometcr are connected to the 
synchronization bus and Use the clock signals from the bus to determine sampling points 
of their detectors. 

The capture spot 113b passed by the projection grating 113 passes the detection 
grating, where it is incident on three separate detection regions, two 131, 133 set high 
and one 132 act law, as shown in Figure 15A. The output from the low detection region 
is subtracted from those of the high regions. The capture spot detector regions are 
arranged so that when the wafer surface is at the zero position, the capture spot falls 
equally on the high and low detection regions and the subtracted output is zero. Away 
from the zero position, more of the capture spot will fall on one of the detection regions 
than the oTher and the subtracted output will increase in magnitude with its sign 
indicating whether the wafer is too high or too low, The dependence of the subtracted 
detector output d^ p on substrate table position Zjp is illustrated in Figure 15. This form 
of detector output allows a faster zero capture method than a conventional servo 
feedback. According to the improved method, referred to as "moveHintiT, when the 
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capture spot detector indicates that the wafer surface is coo high or too low, the Z- 
position actuators of the substrate table are Instructed to move the stage in. the 
appropriate direction to bring the wafer surface into the linear or Unearned range of the 
main level sensor array, The movement of the wafer stage continues until the output of 
the capture spot detector d ttp passes a trigger level z h or x x according to which direction it 
is traveling. Crowing the trigger level causes the apparatus control to issue a. command 
to the Z-position actuators tD begin a braking procedure. The trigger levels are sec so 
that, in the response time and the time taken to brake the stage motion, the stage will 
move to> or close to, the zero position. Thereafter the stage can be brought to the zero 
position under control of the more accurate main level sensor spots. The trigger points 
will be determined in accordance with the dynamics of the stage and need not be 
symmetrically spaced about aero detector output. This "move-until" control strategy 
enables a rapid and robust zero capture without requiring a linear measurement system, 
and can be used in other situations. 

The level 3ensor described above can be further optimized to improve its 
performance, Improvement in accuracy in the scan 00 direction can be effected by 
appropriate signal filtering and this may be adapted to specific process layers observed 
on partly processed wafers. Additional improvements (for specific process layers) in all 
directions may be obtained by optimization of the measurement spot geometry, which 
can be adjusted by changing the illumination optics 112 (to adjust the uniformity and/or 
angular distribution of the illumination light on the projection grating 113), by changing 
the projection grating 1 13 or by adjusting the detection system (size, position and/or 
angular resolution of the detector and the number of detectors). 

A presently preferred form of the confidence sensors 20a, 20b is illustrated in 
Figures 16 and 17. The beam generation branch. 21 comprises a light source 211 (e.g. a 
solid state laser diode or super-luminescent diode) which emits light of limited 
bandwidth. It Ls conveniently situated away from the metrology frame and its output 
brought to the desired point by an optical fiber 212. The light is output from fiber 
terminator 213 and directed onto a beam splitter 215 by colli miring optics 214. Beam 
splitter 215 creates two parallel measurement beams b^i *nd b^ which are focused to 
evenly illuminate respective spots 23 on the wafer W by teleceatric projection optics 
216. Since the measurement beams of the confidence sensor have a limited bandwidth, 
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projection optics 216 can conveniently employ refractive elements. Detection optics 221 
collect the reflected beams and focus them at the edge of detection prism 222 which is 
positioned between detectors 223, 224 and detection optics 221. As shown in Figure 17, 
which is a side view of detection prism 222 and detector 223, a measurement: beam is 
incident on the back of detection prism 222 and exits through angled faces 222a, 222b. 
Detector 223 consists of two detector elements 223a, 223b positioned so that light 
emerging from face 222a of detection prism 222 reaches detector element: 223a and that 
emerging from face 222b reaches detector element 223b. Detector 224 is similar, 
Outputs of detector elements 223a and 223b are intensity^caled and subtracted. When 
the wafer surface is at the fccro position, the measurement beam falls symmetrically on 
faces 222a, 222b of detection prism 222 and equal amounts of lighc will be directed to 
detector elements 223a and 223b. These will then give equal outputs and so the 
subtracted output will be zero. As the Wafer surface mores away from the zero 
position, the position of the reflected beam will move up or down and fall more on one 
of faces 222a, 222b than on tbe other resulting in more light being directed to the 
respective detector element so that the subtracted output will change proportionally, A 
tilt of the wafer can be determined by comparison of the outputs of detectors 223 and 
224. 

This arrangement provides a simple and robust height and level detector chat 
can be used as the confidence sensor in the second embodiment of the present invention 
as well as in other applications. The confidence sensor is primarily intended for initial 
set up and periodic, e.g. monthly, recalibration of the Z-interfcrometers of the 
measurement and exposure stations. However, the confidence sensor described above 
has a wider capture zone and more rapid response than the US used for precise 
determination of the position of the focal plane of the projection lens PL relative to 
substrate table WT, Accordingly, che confidence sensor 20a can advantageously be used, 
when the substrate table is first swapped to the exposure station, to make a coarse 
determination of the vertical position of the US. The height measured by che 
confidence sensor is related to previously measured best focus positions) and used to 
predict a starting point and range for the TIS scan near the expected position of the best 
focal plane. This means that the TIS scan, described above, can be made shorter and 
hence quicker, improving throughput. 
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A beam splitter 215 that can be used in the confidence sensors is shown in 
Figure 18. A beam splitter is composed of a number of prisms from the same glass and 
preferably of equal thickness. The basic operation principle is described using a beam 
splitter consisting of 3 prisms 51, 52, 53. Prism 51 is trapezoidal in cross-section and che 
input beam 54 is incident normally on its top face 55 near one side. The position of 
input beam 54 is such that it meets one side face 56 of first prism 51 which is at 45° to 
the top face 55. Second prism 52 is joined onto side face 56 of first prism 51 and the join 
is coated so thai a desired proportion of the input beam (half in the present 
embodiment) continues into second prism 52 to form beam 57 whilst the remainder is 
reflected horizontally within first prism 51 to form beam 58. Beam 58 reflected in first 
prism 51 meets the second side face 59 of thai prism, which is parallel to the first side 
face 56 and is reflected downwards out of the lower face of first prism 5 land through 
top and bottom faces aftnird prism 53 which are parallel to top face 55 of first prism 51. 
Second side face 5? may be coated as necessary to ensure coral internal reflection of beam 
58. Beam 57, which passed into second prism 52, is reflected internally by two parallel 
faces of second prism 52, which are perpendicular to side face 56 of first prism 51, and 
emerges from the bottom face of second prism 52 which is parallel to the top face 55 of 
first prism 51. Beams 57 and 58 are thereby aurpuc in parallel, but displaced. The 
separation between beams 57, 58 is determined by the sizes of prisms 5 L and 52. Prism 
53 is provided to equalize the optical path lengths of beams 57, 58 so that the imaging 
optics for both beams can be identical. Prism 53 also supports prism 52 as illustrated but 
this may not be necessary in some applications. To enhance the reflection of beam 57 at 
the surface where prisms 52 and 53 meet, a void may be left or a suitable coating 
provided. 

Beam splitter 50 is simple, robust and easy to construct. It provides output 
beams in parallel (whereas a conventional cubic beam splitter provides perpendicular 
beams) and with equal path length. The splitting surface can be made polarization 
selective or not, and in the latter case can divide the input beam intensity evenly or 
unevenly as desired. 

It is a feature of the level and confidence sensors described above, as well as 
other optical height sensors, that they are insensitive to tilt of the wafer stage about an 
axis perpendicular to the 2 -direction, defined by the intersection of the "wafer surface 
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and the focus plane of the measurement spot of the level sensor 10. This is due to the 
fact that the sensors measure a height over the area, of the measurement spot extrapolated 
to the spot's focus axis. The tilt insensitivity can be used to calibrate the Z- 
interferomctcrs and the optical sensors towards each other In the XY plane, The 
procedure for such calibration is described with reference to Figure 19 and the level 
sensor, but a similar procedure can be used with the confidence sensor or any other 
similar optical sensor. 

The positioning system of the substrate table is linked to the multi-axis 
interferometer system of which the Z-interferometer is a part, and can be set to apply a 
rotation about a selected aads in the XY plane using spaced*apart Z-acruators. To align 
the Z-interferometer measurement position with the level sensor measurement spot, the 
positioning system is used to rotate the stage about an axis passing through the Z- 
interferomctcr measurement position and parallel to, for example, the Y axis, The Z 
position of the table as measured by the ^interferometer will remain unchanged during 
this tilt. If the level sensor and Z-interferometer are exactly aligned, then the wafer 
surface position will also remain unchanged- However, if the level sensor measurement 
position is offcet from the Z-inter£eioxnecer position by an amount &X, as shown in 
Figure 19, then tilting the substrate table WT to the position shown in phantom in that 
Figure will cause a change 5W U in the level sensor output. The offset 6X, and the offeet 
5Y in the Y direction, can therefore be quickly determined by detecting any change in 
level sensor output with tilts about two, preferably perpendicular, axes passing through 
the Z-interferometer position. The parameters of the interferometer system or the level 
sensor 10 can then be adjusted to ensure that the Z -interferometer measurement position 
is exactly opposite the level sensor measurement position. 

Where the level sensor uses an array of measurement spots, it cannot always be 
ensured that the spots are exactly aligned. The above technique can therefore be used to 
determine any offsets of the individual spots from the nominal position w.r.t the Z- 
interfero meter position. This information can then be used to correct the height map or 
the level sensor output. 

Embodiment 3 
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The third embodiment employs the levelling principle of the first embodiment 
and is the same as that embodiment except as described below. The third embodiment 
may also make use of die hardware and refinements of the second embodiment, 
described above. However, the third embodiment makes use of an improved method 
for optimization of the exposure path. This is explained below with reference to Figure 
20, 

As discussed above, it is convenient and valid to consider that the substrate stage 
is stationary and that the exposure slit image moves, even though in practice it is the 
wafer that moves. The explanation below is given from this view point. 

Figure 20 illustrates the notations used below. It should be noted that, although 
the slit image SI is depicted for clarity in Figure 20 spaced from the wafer surface, the 
aim of the optimization procedure is to ensure chat during an exposure the focus plane 
of the slit uxiage coincides as far as possible to the wafer surface, Considering a one 
dimensional wafer whose surface is defined by %s(y) and a slit image SI, the moving 
average (over rime) defocus MA(y) corresponding co a coordinate on the wafer can be 
calculated from.' 

wkere the integral is taken over the slit size, i, in the scan direction and the integrand 
wtyHtfy+vfaRxfa+v)] is the focus error on a point of the wafer at a certain moment in 
time. Similarly, the moving standard deviation for a point on the wafer can be defined 
as: 

MS&(y)=- \{^y)-(z(y+v)-uIbz(y+v)]-MA(y)Vdu (3) 

5 ~f/3 

which is the defocus variation in rime during the actual exposure of dm point on the 
wafer. To minimize the difference between the plane of the exposure slit image and the 
wafer, a quadratic defocus term is used, defined as follows; 

MF 7 (y)=~ \(<w( y)-[z(y+v)-<uRx(y+ v)J) 2 dv (4) 
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where MFfy) is called the moving focus. It will be seen that MF(y) can also be written irt 
terms of MA(y) and MSD(y) as follows: 

MF 2 (y)~ MA 2 (y)+ MSD 2 (y) (5) 

This means that in the optimization of the exposure path and minimisation of the 
moving focus oyer the exposure area, both the moving average and the moving standard 
deviation are taken into account, in contrast to the simpler least-squares optimization of 
the first embodiment, which neglects any time, and thus scanning, integration. 
Equations [3] and [4} can easily be extended to two dimensions by adding Ry(t) 
dependency and integrating MF over X from-W/2 to + where W is the width of 
the slit in the X-direction. To calculate the optimization it is convenient to use a 
frequency domain representation. Calculation in the frequency domain also enables 
high-frequency variations in the setpoints, that would result in excessive substrate stage 
accelerations in any or all of the degrees of freedom, to be filtered out, such that the 
exposure path is optimized for the performance of the substrate table positioning 
system. 

In the above discussion, the optimum focus of the exposure slit image is 
assumed to conform to a plane; however, this is not necessarily the case? the optimum 
focus may in fact lie on an arbitrary surface* resulting in a so-called focal plane deviation 
(FPD). If the contour of that surface over the exposure slit area can be measured using 
the TTS to create a focus map f(x,y), or calculated, then the resulting data or equations 
can be added to the equations above so that the wafer motion is optimized for the actual 
optimum focal surface. 

The optimization technique of the third embodiment can result in better focus 
for scanning systems and smoother substrate stage trajectories, increasing throughput 
and yield, 
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Embodiment 4 

In a fourth embodiment, die level sensor is provided with additional f©*tw«6 eo 
counteract errors in the measurement of the wafer surface position that may be caused 
by interference between the beam reflected by the top surface of the resist layer and the 
beam refracted into the resist layer and reflected by ins bottom surface. Otherwise, the 
fourth embodiment may be the same as any of the first to third embodiments described 
above. 

The interference of beams reflected from said top and bottom surface is largely 
dependent on the resist properties and wafer surface properties, as well as on the optical 
wavelength and angle of incidence of the measurement beam. Broadband light sources 
and detectors are currently used to average out such single-wavelength interference 
effects. Improvement of this averaging principle can be realized if the wafer surface 
position is measured in a spectrally resolved manner, whereby a distinct measurement is 
performed for a number of wavelengths in the broadband measurement beam. To 
achieve this, it is necessary to make a temporally or spatially separated wavelength 
(color) system for measuring the wafer surface position. This necessitates changes such as 
the following to the level sensor's measurement principle. 

A first possible change to the level sensor is to replace the continuous 
broadband light source by one capable of selectively generating light beams of different 
wavelength ranges (colors). This can, for example, be achieved by selectively interposing 
different color filters (e.g. on a carouse^ at a suitable point in the level sensor's 
mumination system, by the use of several independently selectable light sources, by 
using a wavelength-tunable light source, or by using a selected beam portion from a 
rotating/vibrating prism located in a small broadband beam. The level sensor is then 
used to take several measurements of the wafer surface at each point, using different 
wavelengths of light in the measurement beam. 

Another option is to replace the broadband detector by one capable of 
selectively detecting light of different wavelength ranges (colors). This can be achieved, 
for example, by placement of color filters in the detection optics before the detector, by 
spatially splitting the measurement beam for different wavelengths using a prism and 
then detecting the different-wavelength beams on separate detectors, or by any other 
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way of spectrally analyzing the broadband-reflected beam to measure the wafer surface 
position. 

Naturally, it is also possible to use a combined approach, whereby both the 
projection system and the detection system are adapted to achieve spectral resolution. 

In the absence of interference effects, each measurement (for each wavelength) 
should giyc the same result^ consequently, I£ different results are obtained in suck 
measurements, this indicates the presence of effects as referred to in the first paragraph 
above. An improved wafer surface position measurement can then be derived using a 
variety of techniques. For example, discrepant results may be corrected or discarded. 
Majority voting techniques may also be used. Alternatively, on che basis of a spectral 
measurement of the wafer surface position, one might even derive real positions by 
means of a model describing the spectral response of the resist and the wafer surface 
properties. 

Since che described interference effect also depends on the angle of incidence of 
the measurement beam on the wafer surface, one might also want to vary this angle of 
incidence so as to evaluate xJhe effect and then correct it. Accordingly, a further possible 
change to the level sensor is to adapt it such that the wafer surface position can be made 
using measurement beams at different angles of incidence. One way to achieve this is to 
define multiple measurement beams having different angles of incidence for the same 
spot on the wafer, but separate projection and detection optics systems. Alternatively, 
one can change the optical system so that the same projection and detection systems 
encompass the different optical axes pertaining to the vtirious measurement beams. 
Another option, which generates temporally varying angles of incidence, is to use 
rotating/translating folding mirrors (or other movable components) in the optical 
systems of the level sensor, 

As with the wavelength dependence described above, in the absence of 
interference effects, measurements at different angles of incidence should give the same 
result. Therefore, any discrepancies (variation with angle of incidence) can be avoided, 
compensated for, or modeled in the same way. 

The abovevmentioned additional features and improvements may, of course, be 
used together or separately, and in other optical sensors thao those described here. 
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Embodiment S 

A fifth embodiment of the invention is shown in Figure 21. The fifth 
embodiment of the invention is a lithography apparatus employing, as the exposure 
radiation, extreme ultraviolet (EUV) radiation, e.g. of wavelength in the range of 3 to 
16nm, and a reflective mask MA'. Functionally at least, the components of the fifth 
embodiment are generally the same as those of the first embodiment but they are 
adapted to the exposure radiation wavelength used and their arrangement is adjusted to 
accommodate the beam path necessitated by the use of a reflective mask. Particular 
adaptions that may be necessary include optimizing the illumination and pro jecxioa 
optics IL', PL' to the wavelength of the exposure radiation; this will generally involve 
the use of reflective rather than refractive optical elements. An example of an 
illumination optical system IL* for use with EUV radiation is described in European 
Patent Application 00300784.6 (P-0129). 

An important difference between lithography apparatus using reflective masks 
and those using transxnissive masks* is that with the reflective mask, un flatness of the 
mask results in position errors on the wafer that are multiplied by the optical path 
length of the downstream optica] system, i.e. the projection lens PL'. This is because 
height and/ or tilt deviations of the mask locally change the effective angle of incidence 
of the illumination beam on the mask and hence change the XY position of the image 
features on the wafer. 

According to the fifth embodiment of the invention, the effects of ttnflamess of 
the mask are avoided or alleviated by making a height map of the mask in advance of the 
exposure and controlling the mask position in at least one of Z, Rx and Ky during the 
exposure. The height map can be generated in a ti nail or manner to chat described above 
(i.e. off-axis levelling of the mask at a measurement 9tation); however, it may also be 
generated with the mask at the exposure station, which may obviate the need to relate 
the height map to a physical reference surface, The calculation of the optimum 
position(s) of the mask during the exposure or exposure scan (the exposure path) can be 
equivalent to that described above* but it may also be a coupled optimization of wafer 
and mask exposure paths. However, for a mask, it may be advantageous to place greater 
weight in the optimization calculations on tilt deviations, since these will have a greater 
effect on the position at the wafer. 
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Ir should be explicitly noted that a lithographic projection apparatus according to 
the current invention may contain two (or more) substrate tables and/ or two (or more) 
mask tablec, In mch a sc en ario, it is possible for a first substrate on a first substrate table 
to be undergoing height-mapping at the measurement station while a second substrate 
on a second substrate table is concurrently undergoing exposure at the exposure station; 
and similarly in the case of multiple mask tables. Such a construction can greatly 
increase throughput. 

It should also be explicitly noted that the current invention can be applied to 
substrate leveling alone, to mask leveling alone, or to a combination of substrate leveling 
and mask leveling, 

Whilst we have described above specific embodiments of the invention it will be 
appreciated that the invention may be practiced otherwise than as described. The 
description is not intended to limit the invention. 

4 Brief Description of Drawings 

The present invention will be described below with reference to exemplary 
embodiments and the accompanying schematic drawings, in which: 

Figure 1 depicts a lithographic projection apparatus according to a first 
embodiment of the invention; 

Figure 2 is a view showing how the wafer height is determined from 
measurements by the level sensor and the Z-interfero meter; 

Figures 3 to 6 arc views showing various steps of the off-axis levelling procedure 
according to the present invention; 

Figure 7 is a plan view of a substrate table showing the sensors and Sdudals 
used in the off-axis levelling procedure according to the present invention; 

Figure 8 is a side view of the exposure and measurement stations in a second 
embodiment of the invention; 
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Pigurc 9 is a flow diagram illustrating various steps of the measurement process 
carried out at the measurement station of the second embodiment of the invention; 

Figure 10 is a flow diagram illustrating various steps of the exposure process 
carried out at the exposure station of the second embodiment of the present invention; 

Figure 11 is a diagram illustrating the scan pattern usable to measure the height 
map of the present invention; 

Figure 12 is a diagram illustrating an alternative scan pattern usable to measure 
the height map of the present invention; 

Figure 13 is a diagram illustrating the global level contour process in the second 
embodiment of the present invention; 

Figure 14 and its sub-Figures A to G illustrate the structure and operation of a 
presently preferred embodiment of a level sensor usable in the invention, 

Figure 15 is a graph showing detector output vs. substrate table position for a 
capture spot of the level sensor of Figure 14; 

Figure 15 A is a diagram showing the arrangements of detector segments for the 
capture spot of the level sensor of Figure 14; 

Kgurcs 16 and 17 are diagrams illustrating a presencly preferred embodiment of 
a confidence sensor usable in the second embodiment of the invention; 

Figure 18 is a diagram of a beam splitter usable in the confidence sensor of 
Figures 16 and 17; 

Figure 19 is a diagram used to explain a Z-interferometer calibration procedure 
usable in embodiments of the invention; 

Figure 20 is a diagram illustrating the notation used in describing an exposure 
trajectory optimization procedure according to a third embodiment of the invention; 
and 

Figure 21 depicts a lithographic projection apparatus according to a fifth 
embodiment of the invention. 
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1 Abstract 

In an off-axis levelling procedure a height map of the substrate is generated at a 
measurement station. The height map is referenced to a physical reference surface of the 
substrate tabic. The physical reference surface may be a surface in which is inset a 
transmission image sensor. At the exposure station the height of the physical reference 
surface is measured and related to the focal plane of the projection lens. Thft height map 
can then be used to determine the optimum height aad/or tilt of substrate table to 
position the exposure area on the substrate in best focus during exposure. The same 
principles can be applied to (reflective) masks. 

2 Representative Drawing 

Fig. 8 



